


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PrograllllDiDlJ Each Z-80 CTC channel must be pro­
grammed prior to opera.tion. Programming 
consIsts of writing two words to the I/O port 
that corresponds to the desired channel. The 
first word is d control word that.selects the 
operating mode and other parameters; the 
second word is a time constant, which is d 

binary data word with a value from I to 256. A 
time constant word must be preceded by a 
channel con trot word. 

After initializatIon, channels may be 
reprogrammed at any time. If updated control 
dnd time constant words are written to a chan­
nel during the count operation, the count con­
tinues to zero before the new time constant is 
loaded into the counter. 

If the interrupt on any Z-80 erc channel is 
enabled, the programming procedure should 
also include an interrupt vector. Only one vec­
tor is required. for aB four channels, because 
the interrupt logic automatically mOdifies the 
vector tor the channel requesting service. 

A control word is identified by a I in bit O. 
A 0 in bit 2 indicates a time constant word is to 
follow. Interrupt vectors are always addressed 
to Channel 0, and idimtiHed by a 0 in bit O. 

DUring programmip.g, channels 
dre addressed With the channel select pins CSl 
and A 2-bit binary code selects the 
appropriate channel as shown in the followmg 
table. . 

Cha ..... l CSI CSo 

o 0 0 
I 0 I 
2 I 0 
3 I I 

Reul. The CTC has beth hardware and soft­
ware resets. The hardware reset terminates all 
down-counts and disables all CTC interrupts 
by resetting the interrupt bits in. the control 
registers. In addihon, the ZC/TO and Interrupt 
outputs go inactive, lEO reflects lEI, and 

Do-D7 go to the high-impedance state. All 
channels must be completely reprogrammed 
after a hardware reset. 

The software reset is controlled by bit I in 
the channel control word. When a channel 
receives a software reset. it stops counting. 
When a 'software reset is used, the other bits in 
the control word also change the contents of 
the channel control register. After a software 
reset a new hme constant word must be written 
to the same channel. 

II the channel control word has both bits D 1 
and D2 set to I, the addressed channel stops 
operatmg, pending a new hme constant word. 
The channel is ready to resume after the new 
constant is programmed. In timer mode, if 
D3 :; 0, operation is triggered automatically 
when the time. constant word is loaded. 

Chanael Coatrol Word ProgrCDDIDlag. The 
channel control word is shown in Figure 5. It 
sets tl;le modes and parameters described 
below. 

Interrupt Enable. D7 enables the interrupt, so 
that an interrupt output·UNT) is generated at 
zero count. Interrupts may be programmed in 

either mode and may be enabled or disabled 
at any time. 

Operating Mode. D6 seleds either timer or 
counter. mode. 

Prescaler Factor. (Timer Mode Only). Ds 
selects factor-either 16 or 256. 

Trigger Slope. 0.4 selects the active edge or 
slope of the CLK/TRG input pulses. Note that 
reprogramming the CLK/TRG slope during 
operation is equivalent to issuing an active 
edge. II the trigger slope is changed by a con­
trol word update while a channel is pending 
operation in timer mode, the result is the same 
as a CLKlTRG pulse and the timer starts. 
Similarly, if the channel is in counter mode, 
the counter decrements. 

[0,1 .. 10,10.1 .. 10"0,1"1 

_ ....... 1 (NAILES INlERJlUPT 
II DISAaLES INTERtlUf'T -II SELECTS TlMEtI MOGE 

1 ULECTI COtHUlEtI MODE 

.... c .............. • 
1 _ VAlU,EOfa51 
II. VALUEQFII 

CUOITllQ ......... cnOll 
a SElIcn fAlUMD BIG! 

1 SELECTS lII .... a £DO€ 

0 .. VECTOR 
1 .. CONTROL WORD 

DI'E ..... T1ON 
1 _ SOFTWAIIE I!IESEr 

TlllaC:ORST •• T 
a .. NO TIME CONSTANT FOLLOWS 
1 _ TIME CONSTANT fGU.OWS 

nMmI ........ • 

.. 
1 .. CLKIllIa PULSE sr .. IITS TIMEfi 

"TIMUMODEONLY 

Fl_ 5. C ........ l CoaIrol Wo«i 

8 

Programming 
(Continued) 

Triqqer Mode (Timer Mod. Only). D3 selects 
the trigger mode for timer operahon. When D3 
is reset 0, the timer is triggered automatic­
ally. The time constant word is programmed 
durmg an ItO wnte operation, which takes one 
machme cycle. At the end of the write oper4-
tion there is a setup delay of one clock period. 
The timer starts automatically (decrements) on 
the rising edge of the second clock. pulse (T 2) 
of the machine cycle following the write opera­
tion. Once started, the timer runs contin­
uously. At zero count the timer reloads 
automatically and continues counting Without 
interruption or delay, until stopped by a reset. 

When D3 is set to I, the timer is triggered 
externally through th" CLKlTRG input. The 
time constant word i.s program.med during an 
1/0 write operation, which takes one 
cycle. The timer is ready for operation on the 
rising edge of the second clock pulse (T 2) of 
the follOWing machine cycle. Note that the first 
timer decrement follows the active edge of the 
CLKlTRG pulse by a delay time of one clock 
cycle if d minimum setup time to the rising 
edge of clocle. is met. If this minimum is not 
met, the delay is extended by another clock 
period. Consequently, for immediate trigger­
ing, the CLKITRG input must precede T2 by 
one clock cycle plus its minimum setup time. If 
the minimum time is not met, the timer will 
start on the third clock cycle (T3)' 

Once started the timer operates contin­
uously, without interruption or delay, until 
stopped by a reset. 

Tima Constant to Follow. A I in D2 indicates 
that the next word addressed to the selected 
channel is a time constant data word for the 
time constant register. The time constant word. 
may be written -at any time. 

A 0 In D2 indicates no time constant word is 
to follow. This is ordinarily used when the 
channel is already in operation and the new 
channel control word is an update. A channel 
will not operate without a time constant value. 
The only way to write a time constAnt value is 
to write a control word with set. 

[D>[ .. jiiJ 0.1 0,1 .. 10.1 .. 1 

Fl_l. n_ Coutaat Ward 

Software a ••• t. Setting Dl to I, ·.ses a soft­
ware reset, which is described in .he Reset 
section. 

Control Word. Setting Do to I ldentlftes the 
word as a control word. 

Tim. Coaalant ProgrCllDlDlng. Before a chan­
nel can start counting it must receive a time 
constant word from the CPU. buring program­
ming or reprogramming, a chc!nnel control 
word in which bit 2 is set must precede the 
time constant word to indicate that the next 
word is a time constant. The time constant 
word C4n be any value from I to 256 (Figure 
6). Note that 0016 is interpreted as 256. 

In timer mode, the time interval is controlled. 
by three factors: 

• The system clock period (4)) 

• The prescaler factor (P), which multiplies 
the interval by either 16 or 256 

• The time constant (Tl. which is programmed 
into the time constant register 

Consequently. the time interval is the pro­
duct of ,pxPxT. The minimum timer resolu­
tion is 16 X 4> (41'8 with a 4 clock). The 
maximum timer interval is 256 x r; x 256 (16.4 ms 
with a 4 MHz clock). For longer intervals 
timers may be casCaded. 

laterrupt Vector. Progr-DIJ. If the Z-80 
eTC has one or more interrupts enabled, it 
can supply interrupt vectors to the Z-80 CPU. 
To do so, the Z-80 CTC must be pre-pro­
grammed with the five bits of 
the interrupt vector. Programming consists of 
writing a vE!clor word to the 1/0 port cor­
responding to the Z-80 CTC Channel O. Note 
that Do of the vector word is al.,-ays zero, to 
distinguish the vector from a channel control 
word. DI and D2 are not used. in programming 
the vector word. These bits are supplied by 
the interrupt logic to identify tbe channel 
requesting interrupt service with a unique 
interrupt vector (Figure 7). Channel 0 has ihe 
highest 

rq .. ! .. lo.! .. ! .. I°,J .. 1 

VJ-Va-.J 
· ·SUI"PUlD ....... L-L 0 • _TIEtIIWI'T ';n.WORD 

1 - COtITIKI&. WCMlD 

CHAMNELlOENTlAEtI 
(AUTa.A1lCaU'f tllllEllTI!D 
.'CTCI 
• 0_ c .... N .. n. 
• 1 _ CH"NNELl 
, a. CHANNR! 
1·1. CttAtINElI 

........ 7 ... -.opt V_ Wo«i 
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Pili Figures I through 6 illustrate the three pin 
o-alptioD configurations (bonding options) available in 

the SID. The constraints of a 40-pin package 
make it~sBible to bring out the Receive 
Clock (RxC), Transmit Clock (TxC), Data Ter­
minal Ready (DTR) and Sync (SYNC) signals 
for both channels. Therefore, either Channel B 
lacks a signal or two signals are bonded 
together in the three bonding options offered: 

• 2-80 SI0/2 lacks SYNCB 
• 2-80 slon lacks i5TRl'i 
• 2-90 SIOIO has all four signals, but TxCB 

and RxCB are bonded together 

The first bonding option above (SI0/2) is the 
preferred version for most applications. The 
pin descriptions are as follows: 

B/A. Channel A Or B Selecl (input, High 
selects Channel B). This input defines which 
channel is accessed during a data transfer 
between the CPU and the SIO. Address bit Ao 
from the CPU is often used for the selection 
function. 

C/O. Conlrol Or Data Select (input, High 
selects Control). This input defines the type of 
information transfer performed between the 
CPU and the SIO. A High at this input during 
a CPU write to the SIO causes the information 
on the data bus to be interpreted as a com­
mand for the channel selected by B/A. A Low 
at C/O means thdt the information on the data 
bus is data. Address bit Al is often used for 
this function. 

CE. Chip Enable (Input, acllve Low). A Low 
level at this input enables the S10 to accept 
command or data input from the CPU during a 
write cycle or to transmit data to the CPU 
during a read cycle, 

Z8440 
ZSfr 110 Serial 
mput/Output ConlroUer 

CU:. Syslem Clock (input). The SIO uses the 
standard l-80 System Clock to synchronize 
internal signlll5. This is a single-phase clock. 

CTSA, CTSB. Clear To Send (inputs, active 
Low). When programmed as Auto Enables, a 
Low on these inputs enables the respective 
transmitter. If not programmed as Auto 
Enables, these inputs may be programmed as 
general-purpose inputs. Both inputs are 
Schmitt-trigger buffered to accommodate slow­
risetime signals. The SIO detects pulses on 
these inputs and interrupts the CPU on both 
logic level transitions. The Schmitt-trigger buf­
fering does not guarantee a specified noise­
level margin. 

Do-o,. System Data Bus (bidirectional, 
3·state). The system data bus transfers data. 
and commands between the CPU and the 2-80 
SIO. Do is the least significant bit. 

DeDA. DeDS. Dolo Carrier Delect (inputs, 
active Low). These pins function as receiver 
enables if the SIO is programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate slow­
risetime signals. The SIO detects pulses on 
these pins and interrupts the CPU on both 
logIC level transitions. Schmitt· trigger buffer­
ing does not guarantee a speCific noise-level 
margin. 

DTfIA. DTRS. Data Termmal Ready (outputs, 
active Low). These outputs follow the state pro­
grammed into 2·80 SIO. They can also be pro­
grammed as general· purpose outputs. 

In the 2-80 SIOII bonding option, DTRB is 
omitted. 

lEI. Interrupt Enable In (input, active High). 
ThIS signal is used with lEO to form a priority 
daisy chain when there is more than one 
interrupt-driven device. A High on this line 
indicates that nO other device of higher pri­
ority is being serviced by a CPU interrupt ser­
vice routine. 

lEO. Interrupt Enable Out (output, active 
High). lEO .. HIgh only if lEI IS High and the 
CPU is not servicing an interrupt from this 
510. Thus, this signal blocks lower priority 
devices from interrupting while a higher 
priority device is being serviced by its CPU 
interrupt service routine. 

INT. Inlerrupt Request (output, open drain, 
active Low). When the SIO is requesting an 
interrupt, it pulls INT Low. 

IORQ. Input/Ql1lput Request (input from CPU, 
active Low). IORQ is used in conjunction with 
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Pin 
DftcrlplioD 
(Continued) 

BIA, C/O, CE and RD to transfer commands 
and data between the CPU and the SIO. When 
CE, RD and 10RO are all active, the channel 
selected by B/A. transfers data to the CPU (a 
read operation). When CE and 10RO are 
active but RD is inactive, the channel selected 
by BIA. is written to by the CPU WIth either 
data or control information as speCified by 
C/O. If 10RO and Ml are aclive simult"ne­
ously, the CPU is acknowledging an interrupt 
and the SIO automatically places its interrupt 
vector on the CPU data bus if it is the highest 
priority device requesting an interrupt. 

Mi. Mochme Cycle (input from 2-80 CPU, 
active Low). When M1 is active and RD is also 
active, the 2-80 CPU is fetching an instruction 
from memory; when M 1 is active while IORQ is 
active, the SIO accepts MI and 10RQ as an 
interrupt <'!cknowledge if the SIO is the highest 
priority device that has interrupted the 2-80 
CPU. 

RxCA, RxeB. Receiver Clocks (inputs), 
Receive data is sa.mpled on the rising edge of 
RxC. The Receive Clocks may be I, 16,32 or 
64 times the data rate in asynchronous modes. 
These clocks may be driven by the 2-80 CTC 
Counter Timer Circuit for programmable baud 
rate generation. Both inputs are Schmitt· 
trigger buffered (no noise level margin is 
speCified). 

In the 2-80 510/0 bonding option, RxCB is 
bonded together with TxCB. 

RD. Read Cycle Status (input from CPU, 
active Low). If R5 is active, a memory or 110 
re~d ~ration.J.~r: progress. RD is used with 
BI A, CE and 10RO to transfer data from the 
510 to the CPU. 

RxDA. RxDB. Receive Dala (inputs, active 
High). Serial data at TTL levels. 

RESET. Resel (input. active Law). A Low 
RESET disables both receivers and transmit­
ters, forces TxDA and TxDB marking, forces 
the modem controls High and disables all 
interrupts. The control registers must be 
rewritten after the SIO is reset and before data 
is transmitted or received. 

RTSlI.. RTSB. Request To Send (outputs, 
aclive Low). When the RTS bit in Write 
Register 5 (Figure 14) is set. the RTS output 
goes Low. When the RTS bit is reset in the 
Asynchronous mode, the output goes High 
after the transmitter is empty. In Synchronous 
modes, the RTS pin strictly follows the state of 
the HTS bit. Both pins can be used as general­
purpose outputs. 

SYNCA. SYNCS. SynchronizatIOn (inputs/out­
puts, active Low). These pins can act either as 
inputs or outputs. In the asynchronous receive 
mode, they are inputs similar to CIS and 
DCD. In this mode, the transitions on these 
lines affect the state of the Sync/Hunt status 

bns in Read Register 0 (Figure 13), but have 
no other function. In the External Sync mode, 
these lines also ect 6£1 inputs. When external 
synchronization is achieved, SYNC must be 
dri ven Low on the.second fialQQ edge of RxC 
after that rising edge of lixL: on which the last 
bit of the sync character was received. In 
other words, after the sync pattern is detected, 
the external logiC must wait for two full 
Receive Clock cycles to activate the SYNC 
input. Once SYNC is forced Low, it should be 
kept Low until the CPU informs the external 
synchronization detect logic that synchroniza.-­
tion has been lost or a new message is about to 
start. Character assembly begins on the rising 
edge of RxC that immediately precedes the 
foiling edge of SYNC in the External Sync 
mode. 

In the internal synchronization mode 
(Monosync and Bisync), these pins act as out­
puts thd.t are active during the pc"Irt of the 
receive clock (RxC) cycle, in which sync 
characters are recognized. The sync condition 
is not latched, so these outputs are active each 
time a sync pdttern is recognized, rega.rdless 
of character boundo.ries. 

In the Z-BO SI0/2 bonding option, SYNCB 
is omitted. 

T;;CA. r;cs. Transmiiter Clocks (inputs). In 
asynchronous modes, the Transmitter Clock.s 
may be I. 16. 32 or 64 times the ddta rate; 
however, the clock multiplier for the transmit­
ter and the receiver must be the same. The 
Transmit Clock inputs are Schmitt-trigger buf­
fered for relaxed rise- and fall-time require­
ments (no noise level margin is specified). 
Transmitter Clocks m.y be dMven by the 2-80 
CTC Counter Timer Circuit for programmable 
baud rate generation. 

In the Z-BO SIOm bondlnQ option, ~ Is 
bonded l&1elhei' 'WIth !!XL:n. 
bDA, TxDB. Transmil Dala (outputs, active 
High). Serial data .t TTL levels. TxD changes 
from the falling edge of TxC, 

W/RDYA, W/RDH. Wail/Ready A, Waif! 
Ready B (outputs, open drain when pro­
grammed for Wait function, driven High and 
Low when programmed for Red.dy function). 
These dual-purpose outputs may be pro­
grammed as Ready lines for a DMA controller 
or as Wait lines that synchronize the CPU to 
the SIO data rate. The reset state is open 
drain. 



Programming' The system program first issues d series of 
commands that initialize the basic mode of 
operation and then other commands that 
qualify conditions within the selected mode. 
For example, the asynchronous mode, 
character length, clock rate, number of stop 
hits. even or odd parity might be set first; then 
the interrupt mode; dnd finally, receiver or 
transmitter enal!e. 

Both channels contain registers that must be 
programmed via the system program prior to 
operation. The chdIlnel-selecl input (B/A) and 
the control/data input (ClDi are the command· 
structure addressing controls, and aTe normal­
ly controlled by the CPU address bus. Figures 
15 and 16 illustrate the timing relationships for 
programming the write registers and transfer­
ring data and status. 

Read Reglat .... The SIO ccntains three read 
registers for Channel B and two read registers 
for Channel A (RRO·RR2 in Figure 13) that can 
be read to obtain the status information; RH2 
cont~ins the internally-modifiable inter'rupt 
vector and is only in the Chdnnel B register 
set. The status information includes error con­
ditions, interrupt vector and standard 
communications-interface sign.lls. 

To read the contents of a selected read 
register other than RHO. the system program 
must- first write the pointer byte to WHO in 
exactly the same· way as a write register .opera­
tion. Then, by executing a read instruction, 
the contents of the addressed read register can 
be read by the CPU. 

The status bits of RRO and RRI are carefully 
grouped to simphfy status monitoring. For 
example. when the interrupt vector indicates 
that a Special Receive Condition interrupt has 
occurred, all the appropriate error bits can be 
read from a single register (RRl). 

Write Regtaten. The SIO contains eight write 
registers for Channel B and seven write 
registers for Channel A (WRO-WR7 in Figure 
14) that are programmed separately to con­
figure the functional personality of the chan­
nels; WR2 contains the interrupt vector for 
both channels and is only in the Channel B 
register set. With the exception of WRO, pro­
gramming the write registers requires two 
bytes. The first byte is to WRO and contains 
three bits (00-0:2) thai point to the selected 
register; the 'second byte is the actual control 
word that is written into the register to COl"' 

figure the SIO. 

~ 

WRO is a special case in that all of the basic 
commands can be written to it with a single 
byte. Reset (mternal or external) imtializes the 
pointer bits Do-D2 to point to WRO. Th,s 
implies that a channel reset must not be com­
bined WIth the pointing to any register. 

READ REGISTER 0 

1 .. 10.1 .. 10.1 0,1 .. 10,1 .. 1 

1111 ~t .L-•• CH
,""'"'''''''''' 

L..== INT PEHOING ICH .... OHL VI 
Ta SUFFEIIEII~TY 

~:Cl"UNT } C" TaUNDEIiRUNlEOIi 
SfiEAlUA&C)IIT 

READ REGIStER It 

IDdo.!D.!o.lo,!o.lo,!DoI 

·Vs.eDW,tn hleonallSla'us 
Inl."U(lII/lOCle 

III L-AC"EN' 

SYTl SYVE 

I FIELOsn, IFIELDln.1N ) 
IN ~IIf.VJOI3 HCOtoID HlEVJOUI 

~ : '.: , , . 
. D D I , . , 
~ ! : 
~AIIITYfllIlO. ·Resollue DMlolfa, lO,gnl 
II. OVEIIIWN EItROR R. B"..ch.'acle" Plog'~mmea 
CIlCIFIlAIIINGEliItOIt 
I!NDOFFIIAIIEIIDLCi 

TUHd W'Ih-5pe-t,,,~.,,, Con",,_..-

READ REGISTER 2 

[DtTo.TIi,It>, i~IDllo.lo.l 

1111 ~~}~=~ 
TV'''_~ SlalUSAliltClS 
V.CIOI o;P.og •• n ...... 

FI ....... '3. -Regia ... III F ........... 
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ProgrlllllDllDII 
(Continued) 

WRITE REGISTER 0 

10" .. 1 .. 10.\ .. 1 .. 10,1 .. , 
t I , , 
, 0 , , , , , , , , , , , , 

o 0 0 NULLCC 

IIEOISTEIIO 
IIEGISTEII1 
IIEGISTER: 
AEOISTEAJ 
REGISTEIiI 

:::::~~:: 
MEG!aTf.II1 

(I 0 1 SENOAI 
o , 0 IIESETI! 

! : f E:r~ 
OAT (SDt.Q 

'ISTAruIUrfTEIIIWI"TI ..... 
:~To:.:ro.~b CHARACTEII 

'" : ~ ~ ::r"8:': IlOMINTICH-ADNLY) 

o NULL CODE 
, IIf.SET II. CIIC CHECKER 
o IIflET T. CRC dENfUTDA 
1 IIINT T. UNOERNlNIEOII UTCH 

WIU1'E REGISTEIl 1 

10" .. 1 .. \0.10.1 .. 10"0.1 

~lli' 
~L-.,,, .. , ••• OUE 

L-=::f.INTEtlASU: 
STAT~ AFI'ICU VlCTCMI 
ICH.SONLY) 

.OIl.INT~LE 
o , R. INT OH 'IIIIT CHAAACTP 
, . 0 !NT ON ALL III. CNAllACTEIIII"AIIJTY AFFECTS YECTOII} } 
1 , INT 0loI ALL b CHAIlACTEIIS ",AIII" DOH NOT """ICT ""'..., 
EIlEADV ON lIlT ·QooJn 

EADVFUNCTlOlII Spec ... 1 
i'JIEAOyEItAaLI ConOollO'l 

WRITE REGIStER 2 (CKAIRIEL • OIU.Y) 

1 .. ' .. 10.10.1 .. 1,,'0,1 .. 1 

IIII~U~~-
WRITE REGIStER I 

' .. I~lo.l .. I .. I .. loN IIII II.L.:::: ...... " 
~E~c.r.;!~~=:::.-g 

L.~========~~III~~ 
• II. J"TSlCMA""CTEIII 
1 Ib 7 'ITS/CHAMCTfli 
II A .... TIICHAIIACTU 
1 R •• 8IrliCHAIlAC-TUI 

WRITE REGJStER " 

10,10.'0.1 0.1 .. 1 .. 10,1 .. 1 

I I L-.. AAITYEN .... I.L. 
..IdIIITYEVENIODD 

D SYNC MDDCS ENULE 
1 1STOfOSITICHAI'I ... CTEII 
o 1'It STOP8ITSlCKA,,",CTEIII 
1 2 STOP BlTIICHAJlACTEII 

~ ~IS~~TS;~;CC::~ 
o IDLC MODt: (lHn no FLAGI 
1 EXTERNAL SYNC IIOH 

D .1 CLOCI( MOOI! 
, XllCLOCKIIOH 
• X:12 CLOCK MOot 
, .... CLOC .. ~ 

WJU1'E REGISTER 5 

ID.(o.lo.ID.I~ID,!D,!a.1 

~ II I ~i::::U 
L. -=======~~ 

o 0 hS8ITSiOllLEUjlCHAIlACTIJI 
• , .,.7 8/TSlCH .. IIACTEII 
lOT •• 8ITllCHoUIACtH 

".r.'IITIIC~" 
Of • 

WRITE REGIStER • 

1 .. 1 .. '0.10.1 .. 1 .. 10.1 .. 1 

1111 J ~~~~ll} 
IVNC"f' 
I"NC"TF 

WlllTE REClSTEIl 7 

1 .. 10.10.1 .. 1 .. 10.10.10.1 

llll'~~~lli} 
. lYtIC SIT'. 
lYtIC lIT II 

·FD<SOlC """"1 Be Pro!Io.""_ 
ID 01111110 ForFIaiRecDQl\'1I1l11 

,...... ••. W_",-II,F_ 

tj. 



SINGLE CHIP 8-BIT MICROCOMPUTER 

N-CHANNEL SILICON GATE HOS 

GENERAL DESCRIPTION 

TMP8049PITMP8039P is an 8-bit single chip microcomputer 

fabricated with N-channel Silicon Gate Mos process. 

TMPB04BP contains all the basic factors of computer, 

such as CPU, data memory (RAM), program memory 

(mask ROM), I/O ports and timer/counter. 

TMPB039P is the equivalent processor of TMPB049P 

without internal program memory. TMP8049P-6/ 

TMPB039P-6 is a lower speed (6MHz) version of 
11MHz TMPB049P/TMPB039P. 

PIN CONNECTIONS (TOP VIEW) 

T. vee (+5V) 
><TAL, 39 T, 

><TAL. 3 38 P'7 
RESET 4 37 p .. 

SS 5 36 P2• 

INT 6 35 p •• 
EA 7 34 PH 

RD 8 33 p,. 
PSEN 9 32 p,. 

WR 10 31 p,. 

ALE 11 30 P'3 
DB. 12 29 P12 

DB, 13 28 P" 
DB. 14 27 p,. 

DB3 15 26 Voo (+5V) 
DB. 16 25 PROG 

DB. 17 24 p .. 

DB. 18 23 p .. 

DB7 19 22 p., 

(OV)Vss 20 21 p .. 

TMP8049P/TMP8049P-6 
TMP8039P/TMP8039P-6 

FEATURES 

• B-bit CPU, ROM, RAM, I/O in Single Package 

• Single 5V Supply 
• 1.36#-,sec Cycle All Instructions 1 or 2 Cycle 

• Easy Expandable Memory and I/O 

• Pin Compatible with TMPB04BP 

• Software Compatible with TMP B04BP 

• 2k x B ROM, 12B x B RAM, 27 I/O Lines 

• Interval Timer/Event Counter 
• Compatible with Industry Standard B049 

PIN NAMES" PIN DESCRIPTION 

V .. (Power Supply) CIrcuit GND potential 

v"" (Power Supply) + 5V dunng operatIOn low power standby pin 

Vee (Power Supply) +5V dunng operatIOn 

PROG (Output) Control S'9nal for VO expander. 

P" - P" (InpuUOutput) 8-brt QUasl·DodifectlONll port (Internal Pullup - 501<0) 

P" - P" (InpuUOutput) 8·btl quasl·,hrectlOnal port (Internal Pullup-5OI<0) 

PIG - PD contain the four high order program counter brts 
dUring an extemal program memory fetch and serve as a 
4-brt VO expander bus 

080 - DB, True bKilrecttOnal port which can.m. w.tit1en 
(InpuUOutput.3-State) or read synchronously USing the RD. \,!R strobes. The port 

can also be statically latched. 

Contains the 8 low order program counter brts dunng an ex-
ternal program memory tetch, ~erves the addressed 
M"tstruchon under the control of PSEN Also contains the 

~:r~~~~ :,s~~~Fo~:~a~~AM data store instruc-

T, (InpuUOutput) ~ut pm testable using the condrttOnal transfer instructIOnS 
o and JNTO. T, can be designated as a clock outpuUUSlng 

ENTO ClK instruction. T, IS also used dUring programming 

T, (Input) Input pin testa~e usrrtg the JT" and JNT\ instructions Can 
be designated the event counter Input USing the STRT CNT 
instrucbon, 

!NT (fnput) Extttmalinterrupt mput Thls is ~vellnterrupt Signal, there-
fore tNT has...ll2...be kept at low level unt,1 the interrupl request 
IS accepted. INT also functIOnS as a test flag for the condi-
tional Jump. 

RD (Output) Strobe Signal for read when external area is accessed. 
(active low) 

WR (Output) Strobe signal for wrrte when external data area IS accessed. 
(active low) 

RESET (Input) Reset Input. RESET IS active wrth low level to pertorm the ,n,-
ballZabon of chip. and when high level IS applied the program 
starts from address a 

ALE (Output) Address Latch Enable. ThiS Signal occurs once durrng each 
cycle and is useful as a clock output 

The negatIVe edge of ALE strobes address ,nto external data 
and program memory. 

PSEN (output) Program Store Enable ThIS output occurs only dUring a letch 
to external program memory (active low) 

SS (Input) So~1e step "'put (act,ve low) When lOw level,s applied. CPU 
IS P cod", the WAIT state after complehng the e'ocutlOfl of 
currently betng executed InstructtOn 

In thIS case ALE IS held at the high level and when the exter-
nal program area IS accessed, the address executed next IS 
output on DB, through DB, and P" through P., 

EA (Input) External address des.gnahon input. When ... 5 vott level IS 
applied, the onternal program IS dISabled and the extemal 
program tS accessed from address O. EA IS also used tor 
designatong the verrty (read) mode of the Internal program by 
appIy7ng + 12 vott level 

)(TAL, (Input) One side of crystal onput tor internal osc,lIator Also "'put for 
external source 

)(TAL, (Input) Other side of crystal onput. Also Input for external source. 
(BoIt1 XTAL,and XTAL, should be drrven with a push-pull 
sou«:e.) 
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CRT 9007 

'=====;III~ 35 latus BIwI.. Hauppauge. N.Y. 11788 
! (516) 273-3100 . 1WX-51O-227-8898 

we keep cftacI of 0lI' COOl)E!tltD1 SO PI GIl keep cftacI of yotI'S. 

IlPC FAMILY 

CRT Video Processor and Controller 
VPAC™ 

FEATURES 
o Fully Programmable Display Format 

Characters per Data Row (8-240) 
Data Rows per Frame (2-256) 
Raster Scans per Data Row (1-32) 

o Programmable Monitor Sync Format 
Raster Scans/Frame (4-2048) 
Front Porch-Horizontal (Negative or Positive) 

-Vertical 
Sync Width-Horizontal (1-128 Character Times) 

- Vertical (2-256 Scan Lines) 
Back Porch - Horizontal 

-Vertical 
o Direct Outputs to CRT Monitor 

Horizontal Sync 
Vertical Sync 
Composite Sync 
Composite Blanking 
Cursor Coincidence 

'] Binary Addressing of Video Memory o Row-Table Driven or Sequential Video Addressing Modes 
o Programmable Status Row Position and Address Registers o Bidirectional Partial or Full Page Smooth Scroll 
o Attribute Assemble Mode 
o Double Height Data Row Mode 
o Double Width Data Row Mode o Programmable DMA Burst Mode 
o Configurable with a Variety of Memory Contention 

Arrangements 
o Light Pen Register o Cursor Horizontal and Vertical Position Registers 
o Maskable Processor Interrupt Line 
o Internal Status Register 
o Three-state Video Memory Address Bus 
o Partial or Full Page Blank Capability 
o Two Interlace Modes: Enhanced Video and Alternate 

Scan Line 

PIN CONFIGURATION 

VA21 40GND 
VA102 39VAB 
VA33 38 VAl 

VAl14 37VAB 
VA125 36VAO 
VA46 35CBLANK 

VA137 34,CURS 
VAS 8 33ACKJTSe 
VA69 32~ILPSTB 
VA7,10 31 SLD/SLO 
VLT 11 3OGiSL1 
VS12 29 WBENlSL2I~ 
RS13 28 DMARlSL3NBLANK 

ccrK14 271NT 
DRB15 26RST 
VD716 25C'S 
VD617 24VDO 
VD518 23VDl 
VD419 22VD2 
VD320 21 +5V 

o Ability to Delay Cursor and Blanking with respect to 
Active Video o Programmable for Horizontal Split Screen Applications o Graphics Compatible . 

o Ability to Externally Sync each Raster Line, each Field 
o Single +5 Volt Power Supply . o TTL Compatible on All Inputs and Outputs 
o VT-100 Compatible o R5-170 Interlaced CompOSite Sync Available 

GENERAL DESCRIPTION 

The CRT 9007 VPAC'" is a next generation video processor! 
controller-an MOS LSI integrated circuit which supports either 
sequential or row-table driven memory addressing modes. As 
indicated by the features above, the VPAC'" provides the user 
with a wide range of programmable features permitting low cost 
Implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. This is 
equivalent to eight pages of an 80 character by 24 line CRT dis­
play. Smooth or jump scroll operations may be performed any­
where within the addressable memory. In addition, 'status rows 
('.an be defined anywhere on the screen. 

1 the sequential video addressing mode, a Table Start Register 
points to the address of the first character of the first data row on 
the screen. It can be easily changed to produce a scrolling effect 
on the screen. By using this register in conjunction with two aux­
iliary address registers and two sequential break registers, a screen 
roll can be produced with a stable status row held at either the first 
or last data row position. 

In the row-table driven video addressing mode, each row in the 
video display is designated by its own address. This provides the 
user with greater flexibility than sequential 'lddressing since the 
rows of characters are linked by pointers instead of residing in 
sequential memory locations. Operations such as data row 
insertion, deletion, and replication are easily accomplished by 
manipulating pointers instead of entire lines. The row table itserf 
can be stored in memory in a linked list or in a contiguous format. 
The VPAC'" works with a variety of memory contention schemes 
including operation with a Single Row Buffer such as the CRT 9006, 
a Double Row Buffer such as the CRT 9212, or no buffer at all, in 
which case character addresses are output during each display­
able scan line. 
User accessable internal registers provide such features as light 
pen, interrupt enabling, cursor addressing, and VPAC'" status. 
Ten of these registers are used for screen formatting with the abi­
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 10 registers contain the "vital screen 
parameters". 
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PROCESSOR INTERFACE: 

PIN NO. NAME 
7,5,4,2,39, Video Address 

37,10,9,8,6, 13-0 
3,1,38,36 

16,17,18,19, Video Data 7-0 
20,22,23,24 

25 Chip strobe 

26 Reset 

27 Interrupt 
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FIGURE 1: CRT 9007 BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL FUNCTION 
VA13-VAO . These 14 signals are the binary address presented to the video memo~ by the CRT 9007. 

The function depends on the particular CRT 9007 mode of operation. A 13-6 are outputs 
only. VA5-o are bidirectional. 
-Double Row Buffer Configuration: 

VA13-0 are active outputs for the DMAoperations and are in their high impedance state at 
all other times. 

-Single Row Buffer Configuration: 
VA13-o are active outputs during the first scan line of each data row and are in their high 
Impedance state at all other times. 

-Repetitive Memory AddressinPr Configuration: 
VA13-o are active outputs at a I times except during horizontal and vertical retrace at which 
time they are In their high impedance state. . 

If row table addressing is used for either single row buffer or repetitive memory addressing 
modes, VA 13-0 are active outputs during the horizontal retrace at each data row boundary to 
allow the CRT 9007 to retrieve the row table address. For processor read/wrile operations 
VAS-o are inputs that select the appropriate intemal r~lster. 

VD7-VOO Bidirectional video data bus: during processor Readlwrite operations data is transferred via 
VD7-VOO when chip strobe (CSt is active. These lines are in their hi~h impedance state 
when CS is inactive. During CR9OO7 DMA operations, data from Video memort is input via 
VD7-VDO when a new row tabie address is belnB[,etrieVed or when the attribute atch IS being 
updated in the attribute assemble mode. VD7-V are outputs when the extemal row buffer 
is updated with a new attribute in the attribute assemble mode. 

CS Input; this signal when active low, allows the frocessor to read or write intemal CRT 9007 
registers. When reading from an intemal CR 9007 register, the chip strobe (CSI enables the 
output drivers. When writin~ to an intemal CRT 9007 register, the trailing edge 0 this signal 
latches the incoming data. igure 2 shows all processor readlwrite timing. 

~ Input; this active low Sign~uts the CRT 9007 inlo a known, inactive state and insures 
that the horizontal slnc (H I output is inactive. Activating this input has the same effect as a 
RESET command. fler initialization, a START command causes normal CRT 9007 opera-
tion. See processor addressable registers section, Register 16 for the reset state definition. 

INT Output ;an interrupt 10 the processor from the CRT 9007 occurs when this signal is active 
high. The interrupt retums to its inactive low state when the status register is read. 

( 
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DESCRIPTION OF PIN FUNCTIONS CONT'D 
CRT INTERFACE: 

PIN NO. NAME SYMBOL FUNCTION. - . . 

11 ,. .. Visible Une Tme . ' VLT . . Output: this signal is active high during all visible scan lines and during the horizontal trace ~ ...... 
times at vertical retrace. This signal can be used to gate the character clock (oeD<) when 
supplying data to a character generator from a single or double row buffer. 

12 Vertical Sync VS Open drain output; this signal determines the vertical position of displayed text by initiating a 
vertical retrace. Its position and pulse width are user programmable. The open drain allows 
the vertical frame rate to be synchronized to the line frequency when uSin~monitors with DC 
coupled vertical amplifiers. If the VS output is pulled active low externally fore the CRT 
9007 itself initiates a vertical syn~he CRT 9007 will start its own vertical sync at the next 
leading edge of horizontal sync (HS). 

13 Horizontal Sync 'AS 0ron drain output; this signal determines the horizontal position of disr.lated text by initiating 
a orizontal retrace. Its position and pulse width are user programmab e. uring hardware 
and software reset, this Signal is inactive high. The open drain allows the horizontal scan rate 
to be synchronized to an external source. If the HS output is pulled low extemally before the 
CRT 9007 itself initiates a horizontal sync, the CRT 9007 will start its own horizontal sync on 
the next character clock (CCLK). 

14 Character Clock ceo< In~ut; this signal defines the character rate of the screen and is used by the CRT 9007 for 
al internal timing. A minimum high voltage of 4.3V must be maintained for proper 
chip operation. . 

15 Data Row ORB Output; this Signal is active low for one full scan line (from VL T trailing edge to VL T trailinQ 
Boundary edge) at the top scan line of each new data row. This signal can be used to swap buffers In 

the double row buffer mode. It indicates the particular horizontal retrace time that the CRT 
9007 outputs addresses (VA 13-VAO) for single row buffer operation. 

34 Cursor CURS Output; this Signal marks the cursor position on the screen as specified by the horizontal and 
vertical cursor registers. The signal is active for one character time at the particular character 
position for all scan lines within the data row. For double height or width characters, this sig-
nal is active for 2 consecutive CCLK's in every scan line within the data row. For double 
height characters, this Signal can be programmed to be active at the proper position for 2 
consecutive data rows. 
CURS is also used to signal either a double height or double width data row by becoming 
active during the horizontal retrace (CBLANK active) prior to a double height or double width 
scan line. The time of activation and deactivation is a function of the addressing mode, buffer 
configuration and the scan line number. See section of Double heighVwidth for details. 

35 Composite Blank CBLANK Output. This si~nal when active high, indicates that a retrace (either horizontal or vertical) will 
be performed. he signal remains active for the entire retrace interval as programmed. It is 
used to blank the video to a CRT. 

USER SELECTABLE PINS: (see Tables 4 and 5) 

PIN NO. NAME SYMBOL FUNCTION 
28,29,30,31 Scan Line 3- SL3-SLO Output; these 4 Signals are the direct scan line counter outputs, in binary form, that indicate 

Scan Line 0 to the character generator the current scan line. These signals continue to be updated 
during the vertical retrace interval. SL3 and SL0 are the most and least significant 
bits respectively. 

28 Direct Memory DMAR Output; this ~nal is the DMA request issued by the CRT 9007. It will only become active if 
Access Request the acknowl ge (ACK) input is inactive. It remains active high throughout the entire 

DMA operation. 
28 Vertical Blank VBLANK Output; this signal is active high only during the vertical retrace period. 
29 Write Buffer WBEN Output; this active hiQh Signal is used to gate the clock feeding the write buffer in a double 

Enable row buffer configuration. 
29 or 32 Composite Sync CSYNC Output; this Signal provides a true RS-170 composite sync waveform with equalization pulses 

and vertical serrations in both interlace and noninterlace formats. Figure 3 illustrates the 
CSYNC output in both interlaced and non interlaced formats. 

30 Scan Line Gate 5[G Output; this active low s~nal is used as a clock gate. It captures the correct 5 or 6 CCLK's 
and, in coniunction with LD (pin 31), allows scan line information to be loaded serially into 
an extema shift register. 

31 Scan Line Data SLD Output; this signal allows one to load an external shift register with the current scan line 
count. The count is presented least significant to most significant bit during the 5 or 6 CCLK's 
framed by SLG. With this form of scan line representation, it is possible to define up to 32 
scan lines per data row. 
The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
one should on~ use the 5 last bits shifted to define the scan line count. The extra shift occurs 
in interlace or ouble height character mode to allow the scan line count to be adjusted to its 
proper value. Figures 4 and 5 illustrate the serial scan line timing. 

32 Ught Pen Strobe LPSTB Input; this signal strobes the current row/column poSition into the light pen register at its posi-
tive transition . 

33 Acknowledge 
.. 

ACK Input; this active high signal acknowledges a DMA request. It indicates that the processor 
bus has entered its high impedance state and the CRT 9007 may access video memory. It is 
not recommended to deactivate this signal during a CRT 9007 DMA cycle because the CRT 
9007 will not shut down in a predictable arnount of time. 

33 Three State TSC Input; this Signal, when active low, places VA13-VA0 in their high impedance state. 
Control 
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OPERATION MODES 

Single Row Buffer Operation 
The CRT 9007 configured with a CRT 9006 Single Row 
Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires that the buffer be loaded at the video 
painting rate during the top scan line of each data row. How­
ever, after the CRT 9006 is loaded, the CRT 9007 address 
lines enter their high impedance state for the remaining N-
1 scan lines of the data row, thereby permitting full proces-

sor access to memory during these scan lines. The per­
centage of total memory cycles available to the processor ( " 
is approximately [(N·1 )/N] x 1 00 where N is the total num-
ber of scan lines per data row. For a typical system with 12 

4 

VLT 

scan lines per data row this percentage is 92%. Figure 7 
illustrates typical timing for the CRT 9007 used with the CRT 
9006 Singfe Row Buffer. • . 
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Double Row Buffer Operation the delay between each DMAR-ACK sequence, via the DMA 
Figure 8 shows the CRT 9007 used in conjunction with a CONTROL REGISTER (RA): If 8 DMA operations are 
CRT9212 Double Row Buffer. The Double Row Buffer has performed for each ACK received, 10 such ~MAR-AC?K 
a read buffer which is read at the painting rate of the CRT. seque.nces must be performed to completely fill the wnte 
during each scan line in the data row. WhOe the read buffer",.·., buff~r. The programmed ~elay allows the user to even I)' 
is being read and supplying data to the character generator dlstnbute the DMA op~ratlons so as. not to h?ld up the pro-
for the current displayed data row, the write buffer is being cess,?r for an excesslv~ length of time. This feature also 
loaded with the next data row to be displayed. This permits other DMA devlce~ tobe used and a!l~ws the pro-
arrangement allows for relaxed write timing to the write buffer cessor to r~~pond ~o real time events. In addition, the ,:,ser 
as it may be filled in the time it takes for N scan lines on the has the ~bllrty to dlsa.ble t~e. CRT 9OP7 DMA mechanls~. 
CRT to be painted where N is the number of scan lines per Rgure 9 Illustrates typical timing for the CRT 9007 used with 
data row. Used in this configuration, the CRT 9007 takes the CRT 9212 Double Row Buffer. 
advantage of the relaxed write buffer timing by stealing Since the CRT 9212 Double Row Buffer has separate inputs 
memory cycles from the processor to fill the write buffer for read and write clocks (RCLK, WCLK), it is possible to 
(Direct memory access operation). The CRT 9007 sends display proportional character widths (variable number of 
the DMAR (DMA request) signal, awaits an ACK (acknowl- dots per character) by reading out the buffer at a character 
edge) signal and then drives out on VA 13-VAO the address clock rate determined by the particular character. The writ-
at which the next video data resides. The CRT 9007 then ing of the buffer can be clocked from a different and con-
activates the WBEN (write buffer enable) signal to write the stant character clock. Figure 10 illustrates the CRT 9007 
data into the buffer. If for example there are 80 characters used with two double row buffers and a CRT 9021 Video 
per data row, the CRT 9007 performs 80 DMA operations. Attributes Controller chip to provide proportional character 
The user has the ability to program the number of DMA cycles display. 
performed during each DMAR-ACK sequence, as well as 
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Repetitive Memory Addressing Operation 
In this operation mode, the CRT 9007 will repeat the 
sequence of video addresses for every scan line of every 
data row. The CRT 9007 address bus will enter Its high 
Impedance state during all horizontal retrace intervals 
(except the retrace interval at a data row boundary If the 
CRT 9007 is configured ina row driven addressing mode). 
This arrangement allows for such low end contention 
schemes as retrace intervention (the processor is only 
allowed access to video memory during retrace intervals) 

and processor priority (the processor has an unlimited 
access to video memory). A high end contention scheme 
can be employed which uses a double speed memory such 
that in a single character period both the processor and the 
CRT 9007 are permitted access to video memory at pre­
determined time slots. Figure 11 Illustrates the CRT 9007 
configured with a double speed memory. Typical timing for 
this mode is illustrated in figure 12. . 
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Attribute Assemble Operation 
This configuration allows the user to retain an 8 bit wide video 
memory in which attributes occupy memory locations but 
not positions on the CRT. This mode assumes that every 
other display position In video memory contains an attr!· . 

. buteo During one clock cycle, attribute data Is latched into 
the CRT 9007; during the next clock cycle a character loca­
tion Is addressed. The attribute data is driven out along with 
a WBEN Signal allowing the character plus its associated 
attribute to be written simultaneously to two 8 bit double row 
buffers. Fi~ure 13 illustrates the memory organization used 
for the Attnbute Assemble mode. The first entry in each data 
row must begin with an attribute. 

Memory Addr8III (typ) Memory Data (8 bits) 
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AllrlluteO 

Character 0 

AIIrbIte 1 

Character 1 

0 
0 
0 

Attribute N . 

CharacterN 

Figure 14 shows the CRT 9007 configured in'the Attribute 
Assemble mode used with two CRT 9212 Double Row 
Buffers and 8, 16Kx1 dynamic RAMS. This mode, since it 
retains an 8 bit wide memory while providing all the advan­
tages of a 16 bit wide memory, lends itself to some cost 
effective designs using dynamic RAMS. The CRT 9007 will 
refresh dynamic RAMS because twice the number of the 
programmed characters per data row are accessed 
sequentially for each data row. * Figure 15 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 

Figure 13: Attribute Assemble Memory Organization 

·Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 
CRT 9007 can be programmed with about 5 more "dummy" data rows while extending the vertical blank signal. This allows 
the CRT 9007 to start addressing video memory much earlier within the vertical blanking interval and hence provide reftesh to 
the dynamiC RAMS. When displaying double height or double width data rows, only half as many sequential locations are 
accessed each data row and dynamic RAM refresh might fail. 
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Smooth Scroll Operation 
Smooth scroll requires that all or a portion of the screen move 
up or down an integral number of scan lines at a time. 2 user 
pr~rammable registers allow one to define the "start data 
row • and the "end data row" for the smooth scroll opera~ . 
tIon. A SMOOTH SCROLL OFFSET REGISTER (R17). 
when used in conjunction with a CRT 9007 vertically timed 
interrupt, allows the user to synchronize the update of the 
offset register to the vertical frame rate. The offset register 
causes the scan line counter outputs of the CRT 9007 to 
start at the programmed offset value rather than zero for 

VlT 1 .... ____ .... 

the data row that starts the smooth scroll interval. To allow 
complete flexibility in smooth scroll direction and rate, one 
can update the offset register In the positive as well as neg­
ative direction and can also offset any number of scan lines 
each frame. Since a smooth scroll can momentarily result 
In a partial data row consisting of one scan line, the loading 
of the write buffer under DMA operations for the start and 
end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition ovenjdes the programma­
ble DMA CONTROL REGISTER (RA). 

~~r::::~·~'-~--~Q~""'''''''''''--
r_ ............... ~n~-------

ORB --, .... ____ ..... ___ ..... ___ .......... ___ .................... ______ ..... ___ ~r-..... ---............... ---.......... ~"~-------

WBEN ooo~ 

• DMA cycles will always end at a character fetch 

FIGURE 15: CRT 9007 ATTRIBUTE ASSEMBLE TIMING (32 CHARACTERS PER DATA ROW) 
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ADDRESSING MODES 

Row Table Addressing 
In this addressing mode, each data row in video memory is 
designated by its own starting address. This provides greater 
flexibility with respect to screen operations than with other 
addressing schemes used by previous CRT controllers.· The 
row table, which is a list ('jf starting addresses for each data 
row, can be configured in one of 2 ways. The choice of row 
table format is highly dependent upon the particular appli­
cation and the programmer's preference since each format 
allows full utili~ation of the CRT 9007 features, 

Contiguous Row Table Format 
In this format, the TABLE START REGISTER (RC and RD) 
points to the address where the row table begins. The con­
tents of the first 2 locations define the starting address of 
the first data row. These 2 bytes define a 14 bit address where 
the first byte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant bits of the sec­
ond byte define double height/width characteristics to the 
current data row. The contents of the third and fourth loca­
tions define the address where the second data row begins. 
Figure 16 illustrates the contiguous row table organization 
in video memory. 

Linked List Row Table Format 
In this format the TABLE START REGISTER (RC and RD) 
paints to the memory location which starts the entire 
addressing sequence into operation. The first byte read is 
the lower 8 bits and the second byte read is the upp.er 6 bits 
of the next data row's start address. The 2 most Significant 
bits of the second byte define double height/width charac­
teristics for the data row about to be read. The third, fourth, 
fifth, etc., bytes read are the first, second, third, etc., char· 
acters of the current data row. Figure 17 illustrates the linked 
list row table organization in video memory. 

Table Start Register I 

Row 
Table 

In 
Memory 

lsi 
Dala 
Row 

2nd 
Dala 
Row 

3rd 
Dala 
Row 

.ri T~~~ . .~ '" .,..:.. ..... ~:... :.,- . . 

: l-C . . .. 

o . ." 
E .. 

F 

0 
0 
0 

lsi Char 
2nd Char 

0 
0 
0 

Lasl Char 

0 
0 
0 

lsi Char 
2nd Char 

0 
0 
0 

Lasl Char 

0 
0 

lsi Char 
2nd Char 

0 
0 
0 

Lasl CIlar 

FIGURE 16: 
CONTIGUOUS ROW TABLE ADDRESS FORMAT 

I 

Row table address for second data row 

~ 
I Byte 1 I Byte 2 I Byte 3 I Byte 4 I 000 I Byte N I 

I , J 
'V 

characters for first data row 

Row table address for third data row 

~ 

I Byte 1 I Byte 2 I Byte 3 I Byte 4 I 000 I Byte N I 

c.~ 
l J 

V 
characters for second data row 

FIGURE 17: LINKED LIST ROW TABLE ADDRESS FORMAT 

Sequential Addressing 
In this addressing mode, characters on the display screen 
are located in successive memory locations. The TABLE 
START REGISTER (RC and RD) paints to the address of 
the first character of the first data rowan the screen. In this 
mode the TABLE START REGISTER does not point to the 
start of a table but the start of the screen. As each character 
10 

is read by the CRT 9007 for display refresh, the intemal video 
address register is incremented by one to access the next 
character. 
For more versatile systems operation in the sequential 
addressing mode, SEQUENTIAL BREAK REGISTER 1 
(R10) and SEQUENTIAL BREAK REGISTER 2 (R12) may 
be used to define the data rows at which two additional 

( 
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sequential display areas begin. Note that DATA ROW END 
REGISTER (R12) is defined as SEQUENTIAL BREAK 
REGISTER 2 (R12) for the sequential addressing mode only. 
The starting addresses for these two additional display areas 
are defined by AUXILIARY ADDRESS REGISTER 1 (RE 
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and 
R14). When the raster begins painting a data row equal to 
the number programmed in one of the sequential break 
registers, the CRT 9007 addresses the video memory 
sequentially starting with the address specified by the cor­
responding auxiliary address register. Figure 18 illustrates 
a display with 80 characters per data row having sequential 
breaks at data rows 3 and 6. 
Usin9. the sequential addressing mode with 2 breaks, it is 
possible to rolla portion of the screen and keep the rest of 
the screen stable. Double height/width characteristics can 
be attached to the 2 sequentiallv addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the 
2 most significant bits of AUXILIARY ADDRESS REGIS­
TERS 1 and 2. See the description of these 2 registers for 
their bit definition. 

Double HelghtIWidth Operation 
When double height/width characters (2XH/2XW) are dis­
played, the following will occur: 

1. the CRT 9007 will address half as many characters for 
each data row by incrementing its address every other 
character clock. 

2. the high speed video shift register supplying serial video 
to the CRT must shift out dots at half frequency. 

3. For double height, the scan line counter outputs (SL3-
SLO or SLG, SLD) are incremented every other scan 
line. 

The CRT 9007 is informed of the double height or double 
width display modes via the 2 most significant bits of the 
row table address or the 2 most significant bits of the AUX­
ILIARY ADDRESS registers depending on the selected 
addressing mode. In any case, once the information is 
obtained by the CRT 9007, it must initiate the 3 tasks listed 
above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed using the CURS output of the CRT 9007 dur­
ing CBLANK (horizontal retrace) to signal the external logiC 
that a change in the dot shift frequency is required. Tile exact 
time of activation and deactivation of the CURS signal dur­
ing horizontal retrace is a function of addressing mode, 
operation mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation and deactivation 
times as a function of the buffer configuration and address­
ing mode for the top scan line of a new data row. Tables 1 
and 2 assume a cursor skew of zero. A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all subsequent scan lines, the CURS Signal is activated 3 
CCLK's after VL T trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
on a double height or double width data row, it will become 
active for 2 CCLK's to allow the cursor to be displayed as 
double width. If the cursor position is programmed to reside 

OPERATION 
ADDRESSING MODE 

MODE Row Driven (linked list 
or contiguous) Sequential 

Repetitive Memory 1 CCLK after high byte 1 CCLK afler TSC 
Addressing of row table read leading edge 

1 CCLK after high byte 1 CCLK after TSC I Single row buffer of row table read leading edge" 
1 CCLK after high byte 1 CCLK after ACK 

Double row buffer of row table read leading edge 

Table 1: Double HelghtIWldth CURS activation for top scan 
line of new data row. 

TABLE START REGISTER = 1000 
AUXILIARY ADDRESS REGISTER 1 = 2000 
AUXILIARY ADDRESS REGISTER 2 = 0800 
SEQUENTIAL BREAK REGISTER 1 = 3 
SEQUENTIAL BREAK REGISTER 2 = 6 

o.t.Row 
o 
1 
2 
3 
4 
5 
6 
7 
8 

Address range 
1000 to 104F 
1050 to t09F 
10A0 to fOEF 
2000 to 204F (Break 1) 
205Oto209F 
2OA0to20EF 
0800 to 084F (Break 2) 
085Oto089F 
08A0to08EF 

o 
o 
o 

Figure 18: Sequential Addressing Example 
With Two Breaks 

in the top half of a double height data row, it may become 
active for all scan lines in both the current and next data row 
to allow the cursor to be displayed as double height. 

For row driven addressing, a particular data row or pair of 
data rows can appear in one of the following ways as a 
function of the two most significant bits of the row table 
address (bits 15 and 14). 

-Single height, single width (Row table address bits 15, 
14 = 00). The CRT 9007 will display the particular data 
row as single height, single width. 

-Single height, double width (Row table address bits 15, 
14 = 01). The CRT 9007 will display the particular data 
row as single height double width by accessing half as 
many characters as appear in a single width data row. 
The CURS signal becomes active during horizontal 
retrace in the manner described previously. 

-Double height, double width top half (Row table address 
bits 15, 14 = 10). In addition to providing the special tim-. 
ing associated with single height double width data rows, 
the scan line counter is started from zero and incre­
mented every other scan line until N scan lines are painted 
(N is the number of scan lines per single height data row). 

. In this way, new dot information appears every other scan 
line and the top half of the data row appears in N scan 
lines. 

-Double Height, Double Width Bottom Half (Row table 
address bits 15, 14 = 11)-Same as Double Height, 
Double Width Top except the scan line counter is started 
from N/2 (or (N-1 )/2 if N is odd), and incremented every 
other scan line until N scan lines are painted. In single 
row buffer operation, a double height bottom data row 
can never stand alone and is assumed to follow a double 
height top data row. 

OPERATION 
ADDRESSING MODE 

MODE Row driven (linked list 
Sequential or contiguous) 

Repetitive Memory at the leading edge of at the leading edge of 
Addressing VLT VLT 

at the leading edge of at the leading edge of 
Single row buffer VLT VLT 

1 CCLK after leading 1 CCLK after leading 
Double row buffer edge of CURS edge of CURS 

Table 2: Double HelghtIWldth CURS deactivation for top scan 
line of new data row. 
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PROCESSOR ADDRESSABLE REGISTERS 

All CRT 9007 registers are selected by specifying the 
address on VAS-Q and asserting CS. All 14 bit registers are 
written or read as two oonsecutive 8 bit registers addressed 
low byte first. Only the VERTICAL CURSOR REGISTER 
and the HORIZONTAL CURSOR REGISTER are readlwrite 
registers with 2 different addresses for read or write oper­
ations. The register address assigned to each register rep­
resents the actual address in hexadecimal form that must 
appear on VAS-O. Figure 2 illustrates all processor to CRT 
9007 register timing. Tables 3a, 3b, and 3c summarize all 
register bits and provide register addresses. 

HORIZONTAL TIMING REGISTERS 
The following 4 registers define the horizontal timing 
parameters. Figure 19 relates the horizontal timing to these 
registers. 

CHARACTERS PER HORIZONTAL PERIOD (RO) 
This a bit write only register, programmed in units of char­
acter times, represents the total number of characters in 
the horizontal period (trace plus retrace time). This register 
is programmed with the binary number N where N is the 
total characters in the horizontal period. The horizontal period 
should not be programmed for less than 12 characters. 

CHARACTERS PER DATA ROW (R1) 
This a bit write only register, programmed in units of char-

acter times, represents the number of displayable charac­
ters during the horizontal trace interval. The difference RO 
minus R1 represents the number of character times reserved 
for horizontal retrace. This register Is programmed with the 
binary number (N-1) where N Is the displayable characters 
per data row. . 

HORIZONTAL DELAY (R2) 
This a bit write only register, programmed in units of char­
acter times, represents the time between the leadinQ edge 
of horizontal sync and leading edge of VLT. This register is 
programmed with N where N represents the time of hori­
zontal delay. By programming this time greater than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the horizontal blank interval). 

HORIZONTAL SYNC WIDTH (R3) 
This a. bit write only register defines the horizontal sync width 
in units of character time.s. The start of the sync pulse is 
defined by the HORIZONTAL DELAY REGISTER and the 
end is independent of the start of the active display time. 
This register is programmed with N where N is the horizon­
tal sync width. However this register must be programmed 
less than or equal to [(A/2)-1] where A is the programmed 
contents of REGISTER 0 rounded to the smallest even 
integer. 

VERTICAL TIMING REGISTERS 

The following 5 registers define the vertical timing param- displayed on the screen. This register is' programmed with 
eters. Figure 20 relates the vertical timing to these regis- (N-1) where N is the number of data rows displayed. 
ters. 
VERTICAL SYNC WIDTH (R4) SCAN LINES PER DATA ROW (RS) 

This a bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is defined 
by the delay register (R5) and the end is independent of 
the start of the active display time. This register is pro­
grammed with N where N is the vertical SYNC width. 

VERTICAL DELAY (RS) 
This a bit write only register, programmed in units of hori­
zontal periods. represents the time between the leading edge 
of vertical sync and the leading edge of the first VLT after 
the vertical retrace interval. This register is programmed with 
(N-1) where N represents the time of the vertical delay. 

VISIBLE DATA ROWS PER FRAME (R7) 
This a bit write only register defines the num~r of data rows 

"""-

--
-

The 5 LSBs of this write only register define the number of 
scan lines per data row. These 5 bits are programmed with 
(N-1) where N is the number of scan lines per data row. When 
programming for scan lines per data ro~(~eater than 16, 
only the serial scan line pin option (SLD, ) can be used. 

SCAN LINES PER VERTICAL PERIOD (RS; R9) 
Registers R9 and the 3 most significant bits of Ra define 
the number of scan lines for the entire frame. Ra contains 
the 3 most siQnificant bits of the 11 bit programmed value 
and R9 contains the a least significant bits of the 11 bit pro­
grammed value. The 11 bits are programmed with N where 
N is the number of scan lines per frame. In the 2 interlace 
modes, the programmed value represents the number of 
scan lines per field. 

ONE SC~N LINE 

R1 "1 .. (RO-R1)-+ 
RO 

I ~2 .... 

VLT I· ACTIVE DISPLAY TIME I I 
HOR.SYNC J FR3~ 

FIGURE 19: CRT 9007 HORIZONTAL TIMING 
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...... ---ONE COMPLETE FRAME--~ .... 

....... ---R7 x R8---... ~--t1 

....... --~---------R9--~~------~~ 
I ~R5"'" 

VERT. BLANKING 
(NO SKEW) 

DATA ROW DISPLAY TIME I I I 
VERT. SYNC '--_____ --'FR4-==L 

FIGURE 20: CRT 9007 VERTICAL TIMING 

PIN CONFIGURATION/SKEW BITS REGISTER (RS) 
This 8 bit write only register is used to select certain pin 
configurations and to skew (delay) the cursor and the blank 
signals independently with respect to the video signal sent 
to the monitor. The bits take on the following definition: 

Bit 7, 6 (Pin Configuration) 

These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations as a function of double row buffer mode and 
non double row buffer mode. (The buffer mode is defined 
in the CONTROL REGISTER bits 3,2, and 1.) The attribute 
assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 

Bits 5, 4, 3 (Cursor skew) 

These three bits define the number of character clocks the 
cursor signal is skewed (delayed) from the VLT signal. The 

REGISTER RS BITS CRT 9007 PIN NUMBER 

7 6 28 29 30 31 32 33 

0 1 DMAR WBEN SLG SLD CSYNC ACK 
1 1 DMAR WBEN SLG SLD LPSTB ACK 

0 0 NOT PERMITTED 
1 0 NOT PERMITTED 

Table 4: Pin configuration for double row buffer and attribute 
assemble modes. -

DMA CONTROL REGISTER (RA) 
This 8 bit write only register allows the user to set up a DMA 
burst count and delay as well as disable the DMA mecha­
nism of the CRT 9007. The register bits have the following 
definition: 

Bit 7 (DMA Disable) 

A logic one will immediately force the CRT 9007 DMA request 
to the inactive level and the CRT 9007 address bus (VA13-
VAO) wi" enter its high impedance state. After enabling the 
DMA mechanism by setting this bit to a logic zero, a start 
command must be issued (see START COMMAND, R15). 

Bits 6, 5, 4 (OMA Burst Delay) 

These 3 bits define the number of clock delays (CCLK) 
between successive DMAR-ACK sequences. Bit 6 is the 
most and bit 4 is the least significant bit respectively. When 
programmed with a number N, the CRT 9007 wi" delay for 
4 (N + 1) clock cycles before initiating another DMA request. 
If 111 is programmed, however, this will result in a zero delay 
allowing a" characters to be retrieved from video RAM in 
one DMA burst regardless of the value programmed for the 
DMA burst count. 

Bits 3, 2, 1,0 (DMA Burst Count) 

VLT signal is active for all characters within a data row and 
a non skewed cursor will always become active within the 
active VL T time at the designated position. The cursor can 
be skewed from a to 5 character clocks (Bits 5, 4 and 3 pro­
gramme(j from 000 to 101, bit 5 is the most significant bit; 
bit 3 is the least significant bit). For double heighVwidth data 
rows, the cursor signal appearing during horizontal retrace 
is also skewed as programmed. 

Bits 2, 1, a (Blank skew) 

These three bits define the number of character clocks the 
horizontal blank component of the CBLANK signal is skewed 
(delayed) from the VLTsignal. The edges of VLTwili line up 
exactly with the edges of the horizontal component of the 
CBLANK signal if no skew is programmed. The CBLANK 
can be skewed from a to 5 character clocks (Bits 2, 1 and a 
programmed from 000 to 101, bit 2 is the most significant 
bit; bit a is the least significant bit). 

REGISTER 6 BITS CRT 9007 PIN NUMBER 

7 6 28 29 30 31 32 33 

0 0 SL3 SL2 SL 1 SLO CSYNC TSC 
1 0 SL3 SL2 SL 1 SLO LPSTB TSC 
1 1 VBLANK CSYNC SCG SLD LPSTB TSC 

0 1 NOT PERMITTED 

Table 5: Pin configuration for Single Row Buffer and Repetitive 
Memory Addressing Modes. 

These 4 bits define the number of DMA operations in one 
DMAR-ACK sequence. Bit 3 is the 11l0st and bit a is the least 
significant bit respectively. When programmed with a num­
ber N, the CRT 9007 will produce 4 (N + 1) DMA cycles before 
relinquishing the bus. When programmed with 0000, the 
minimum DMA Burst will occur (4 x 1 = 4) and when pro­
grammed with 1111 the maximum DMA Burst will occur 
(4 x 16 = 64). When bits 6, 5, and 4 are programmed with 
111, no DMA delay will occur and the Burst count will equal 
the number of programmed characters per data row as 
specified in R1. Refer to figures 9 and 15 which illustrate a 
DMA burst of 16 and a DMA delay of 8 for double row buffer 
and attribute assemble modes respectively. For single row 
buffer operation, no DMA delay is permitted and bits 6, 5,4 
must be programmed with 000. 

CONTROL R~GISTER (RB) 
This 7 bit write only register controls certain frame opera­
tions as we" as specifying the operation mode used. Inter­
nal to the CRT 9007, this register is double buffered. Changes 
in the r~ister are reflected into the CRT 9007 at a particular 
time dunng vertical retrace. This allows the user to update 
the CONTROL REGISTER at any time without running the 
risk of destroying the frame or field currently being painted. 
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The bits take on the following definition: row is retrieved from video memory. The address 
bus will enter its high impedance state in accord­
ance with the DMA mechanism for address bus 
arbitration. 

Bit 6 (PS/SS) 
= 0; The smooth scroll mechanism is enabled per­

mitting the SMOOTH SCROLL OFFSET REGIS­
TER (R17) to be loaded in the scan line counter (SL3-
o or SLG, SLD signals) allowing for a scroll on the 
screen of a predetermined number of scan lines per 
frame or field. The starting and ending of the smooth 
scroll operation is define9 by the DATA ROW START 
REGISTER (R11) and DATA ROW END REGIS­
TER (R12) respectively. 

= 1; The page blank mechanism is enabled. The 
CBLANK signal is made active high for a continu­
ous period of time starting and ending at the data 
row defined by the DATA ROW START REGISTER 
(R11.) and DATA ROW END REGISTER (R12) 
respectively. 

=: 100; (Single row buffer)-In this mode, during the 
first scan line of each data row, ·the CRT 9007 will 
address video memory, load the buffer and feed the 
character generator at the painting rate of the CRT. 
If the CRT 9007 is used in a row driven addressing 
mode, it will drive the address.bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. It will auto­
matically enter the high impedance state at the end 
of the first visible scan line of each data row. If the 
CRT 9007 is used in a sequential addressing mode, 
it will drive the address bus only during the visible 
line time of the first scan line of each data row. 

Sits 5, 4 (Interlace)-these 2 bits define one of 3 displayed 
modes as illustrated in figure 21 

= 111; (Attribute assemble)-In the attribute assem­
ble mode, character data and attribute data are 
shared in consecutive alternating byte locations in 
memory. When the CRT 9007 reads an attribute byte, 
it loads it into its internal attribute latch. During the 
next memory access, a character byte is fetched. 
At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. A WeEN signal is produced during every 
character byte fetch to allow the character and its 
associated attribute to be simultaneously latched into 
two double row buffers. This mode assumes that 
there exists twice as many byte locations as there 
are displayable character positions on the CRT. The 
first byte of every data row is assumed to be an 
attribute. 

= 00; Non interlaced display 
= 10; Enhanced video interlace. This display mode will 

produce an interlaced frame with the same dot 
information painted in adjacent odd/even scan lines. 

== 11; Normal video interlace. This display mode will 
produce an interlaced frame with odd scan lines of 
characters displayed in odd fields and even scan 
lines displayed in even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the height since it effectively doubles the 
character density on the screen. 

= 01; This combination is not permitted. , 
Bits 3, 2,1 (Operation modes): These 3 bits define the var­
ious buffer configuration modes as follows: 

All other combinations of the CONTROL REGIS­
TER bits 3, 2, 1 are not permitted. 

Bit 0 (2XC/1 XC): This bit allows for either single or double 
height cursor display when the cursor is placed within a 
double height data row as follows: 

14 

= 000; (Repetitive memory addressing)-In this mode 
the address information (VA13-VAO) appears dur­
ing every visible scan line and the address bus enters 
its high impedance state during all retrace intervals. 
When using a row driven addressing mode (linked 
list or contiguous), the address bus is in the high 
impedance state for all retrace intervals except the 
horizontal retrace interval prior to the top scan line 
of a new data row. This period can be disting!,!ished 
from other retrace intervals because the DRB (data 
row boundary) Signal is active. 

= 001; (Double row buffer)-In this mode, the CRT 
9007 will address a particular data row from video 
memory one data row prior to the time when it is 
ctisplayed on the CRT. During vertical retrace, the 
first data row is retrieved and loaded into the double 
row buffer. At the next data row boundary (in this 
case atthe end of vertical retrace), the first data row 
feeds the character generator while the second data 

CHARACTER CHARACTER 
SCAN LINE SCAN LINE 
0 0 

= 1; (Single height cursor)-The CURS signal will 
appear during every scan line for single height data 
rows and will appear only during the top half or bot­
tom half of a double height data row depending upon 
where the VERTICAL CURSOR REGISTER (R18, 
R38) defines the CURSOR data row. 

= 0; (Double height cursor)-If the VERTICAL CUR­
SOR REGISTER (R18, R38) places the cursor in 
the top half of a double height data row, the CURS 
Signal will appear during ~very scan. line of the top 
half (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the bottom half of a double height 
data row or if it is placed in a single height data row, 
the CURS signal will only appear during the one 
particular data row. 

CHARACTER 
SCAN LINE 
0 

1 00000 --7--",,-,,-0 -f-:-:-<>- 1 1 1~-1 2_ _ _____ 3 

2 0 2 4 
- ~-------·2 - -------- 5 

3 -e 3 6 

0000 4 - I-;::;--~-;..--- 3 0 - -------- 7 
4 

5 ?j ?j.~-- 4 ----------- 1 
5 -e 

- 1-----;---- 5 4 ---------. 3 
6 0 

~-7 0 
1---------6 ---------- 5 

6 
~ ------ 7 ---------- 7 

Even Odd Even Odd 
Field Field Field Field 

(8) NON-INTERLl.CE (b) ENHANCED 
VIDEO INTERLl.CE 

(e) NORMAL VIDEO 
INTERLl.CE 

FIGURE21: CRT 9007 INTERLACE MODES 
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TABLE START REGISTER (Re AND RD) 
This 16 bit write only register contains a 14 bit address which 
is used in a variety of ways depending on the addressing 
mode chosen; the 2 remaining bits define the addressin~ 
mode. Register C contains the lower 8 bits of the 14 bit 
address. The 6 least significant bits of register D contain 
the upper 6 bits of the 14 bit address. The 2 most significant 
bits of register D define four addressing modes as follows: 

Register D bits 7, 6: 
= 00; (Sequential addressing mode)-The CRT 9007 

will address video memory in a sequential fashion 
starting with the 14 bit address contained in REG­
ISTER D bits 5-0 and REGISTER C bits 7-0. One 
break is allowed in the sequential addressing scheme 
as defined by SEQUENTIAL BREAK REGISTER 1 
(R10) and AUXILIARY ADDRESS REGISTER 1 (RE 
and RF). 

= 01; (Sequential roll addressing mode)-The CRT 
9007 will address video memory in a sequential 
fashion starting with the 14 bit address contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0. 
SEQUENTIAL BREAK REGISTER 1 and AUXIL­
IARY ADDRESS REGISTER 1 can be used to cause 
one sequential break as described in the sequential 
addressing mode. A second break in the sequential 
addressing can be defined by SEQUENTIAL BREAK 
REGISTER 2 (R12) and AUXILIARY ADDRESS 
REGISTER 2 (R13 and R14) permitting upto 3 sep­
arate sequentially addressed screens to be painted. 

= 10; (Contiguous row table mode)-The CRT 9007 
will address video memory according to the contig­
uous row table format. The 14 address bits con­
tained in REGISTER D bits 5-0 and REGISTER C 
bits 7-0 define an address that paints to the begin­
ning of the contiguous row table. 

= 11; (Linked list row table mode)-The CRT 9007 will 
address video memory according to the linked list 
row table format. The 14 address bits contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0 
define the address at which the second row table 
entry and the first data row reside. 

SEQUENTIAL BREAK REGISTER 1 (R10) 
This 8 bit write only register defines the data row number in 
which a new sequential video address begins as specified 
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To 
disable the use of this break, the register should be loaded 
with a data row count greater than the number of display­
able data rows on the screen. 

DATA ROW START REGISTER (R11) 
This 8 bit write only register defines the first data row num­
ber at which a page blank or smooth scroll operation will 
begin. Bit 6 of the CONTROL REGISTER determines if a 
page blank or smooth scroll operation will occur. 

~ATA ROW END/SEQUENTIAL BREAK 
REGISTER 2 (R12) 
This 8 bit write only register has a dual function depending 
on the addressing mode used. For row driven addressing 
(contiguous or linked list as specified by the 2 most signifi­
cant bits of the TABLE START REGISTER) this register 

AUXILIARY ADDRESS REGISTER 1 (RE and RF) 
This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER F contain the upper 
order 6 bits ofthe 14 bit address and REGISTER E contains 
the 8 lower order bits of the 14 bit address. When the cur­
rent data row equals the value programmed in SEQUEN­
TIAL BREAK REGISTER 1 (R1 0) the remainder of the screen 
is addressed sequentially starting at the 14 bit address 
specified in this register. This sequential break overrides 
any row driven addressing mode useH prior to the sequen­
tial break. 

The 2 most significant bits of REGISTER F allow one to 
attach double height and/or double width characteristics to 
every data row in this sequentially addressed area in the 
following way: 

For Double row buffer or attribute assemble mode REG­
ISTER F Bits 7, 6 

= 00; single height single width 
= 01; single height double width 
= 10; even data rows are double height double width 

top half odd data rows are double height double 
width bottom half 

= 11; odd data rows are double height double width 
top half even data rows are double height dou­
ble width bottom half 

For Single row buffer or repetitive memory addressing mode 
REGISTER F Bits 7, 6 

= 00; single height single width 
= 01; single height double width 
= 10; odd data rows are double height double width 

top half even data rows are double height dou­
ble width bottom half 

= 11; even data rows are double height double width 
top half 
odd data rows are double height double width 
bottom half 

defines the data row number which ends either a page blank 
or smooth scroll operation. The row numerically one less 
than the row defined by this register is the last data rowan 
which the page blank or smooth scroll will occur. To use the 
page blank feature to blank a portion of the screen that 
includes the last displayed data row, this register must be 
programmed to zero. For sequential addressing, this reg­
Ister can cause a break in the sequential addressing at the 
data row number specified and a new sequential address­
ing sequence begins at the address contained in AUXIL­
IARY ADDRESS REGISTER 2. 

AUXILIARY ADDRESS REGISTER2(R13and R14) 
This 16 bit write Qnly register contains a 14 bit address. The 
6 least si~nificant bits of REGISTER 14 contain the upper 
order 6 bits of the 14 bit address and REGISTER 13 con­
tains the 8 lower order bits of the 14 bit address. In the row 
driven addressing mode, this register is automatically loaded 
by the CRT 9007 with the current table address. The two 
most significant bits of REGISTER 14 specify one of four 
combinations of row attributes {for example double height 
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double width) on a row by row basis. Refer to the section 
entitled Double Height/Double Width operation for the 
meanirlQ of these 2 bits. In the sequential addressing mode, 
this register can be loaded by the processor with a 14 bit 
address and a 2 bit row attributes field. The bit positions are 
identical for the row driven addressing mode. When the 
current data row equals the value programmed in DATA ROW 
END/SEQUENTIAL BREAK REGISTER 2 (R12), the 
remainder of the screen is addressed sequentially starting 
at the location specified by the programmed 14 bit address. 
The 2 most significant bits of register 14 allow one to attach 
double height and or double width characteristics to every 
data row in this sequentially addressed area. The bit defi­
nitions take on the same meaning as the 2 most significant 
bits of AUXILIARY ADDRESS REGISTER 1 and affect the 
display in an identical manner. 

START COMMAND (R15) 
After all vital screen parameters are loaded, a START com­
mand can be initiated by addressing this dummy register 
location within the CRT 9007. A START command must be 
issued after the DMA mechanism is enabled (DMA CON­
TROL REGISTER bit 7). 

RESET COMMAND (R16) 
The CRT 9007 can be reset via software by addressing this 
dummy location. Activation of the RST input pin or initiating 
this software command will effect the CRT 9007 in an iden­
tical manner. The reset state of the CRT 9007 is defined as 
follows: 

CRT 9007 outputs 
VA13-0 
VD7-0 
HS 
VS 
CBLANK 
CUS 
VLT 
ORB 
INT 
Pin 28 
Pin 29 
Pin 30 
Pin 31 
Pin 32 

Reset state 
High impedance 
High impedance 
High 
High 
High 
Low 
Low 
High 
Low 
Low 
Low 
Low 
Low 
Low 

SMOOTH SCROLL OFFSET REGISTER (R17) 
This register is loaded with the scan line offset number to 
allow a smooth scroll operation to occur. The offset register 
causes the scan line counter output of the CRT 9007 to start 
at the programmed value rather than zero for the data row 
that starts the smooth scroll interval. The start is specified 
In the DATA ROW START REGISTER (R11). Typically, this 
register is updated every frame and it ranges from zero (no 
offset) to a maximum of the programmed scan lines per data 
row (maximum offset). For example, if 12 scan lines per data 
row are programmed (scan line 0 to scan line 11) an offset 
of zero will cause an unscrolled display. An offset of one will 
cause a display starting at scan line 1 and ending at scan 
line 11 (eleven scan lines total). An offset of eleven will cause 
a display starting at scan line eleven. 
The next scan line will be zero, starting the subsequent data 
row. To allow smooth scroll of double height rows, the pro­
grammed range of the register is from zero to twice the pro­
grammed scan lines per data row. Whenever the offset 
register if greater than the programmed scan lines per data 
row, bit 7 of the register must be set to a logic 1 (offset over­
flow). It must be set to a logic zero at all other times. The 6 
bit offset value occupies bits 6 through 1. Bit 0 must always 
be pr~rammed with a logic zero. By setting the offset over­
flow (bit 7) to a logic 1, it is· possible to have the bottom half 
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of a double height data row stand alone in Single Row Buffer 
Mode by programming the scrolled data row as double height 
top half and loading R17 with the proper value. 

VERTICAL CURSOR REGISTER (R18 or R38) 
This 8 bii'readtwrite register specifies the data row in whiCh 
the cursor appears. To write into this register it is addressed 
as R18 and to read from this register it is addressed as R38. 

HORIZONTAL CURSOR REGIS.TER (R19 or R39) 
This 8 bit read/write register specifies the character posi­
tion in which the cursor appears. To write Into this register 
it is addressed as R19 and to read from this register it is 
addressed as R39. 
It should be noted that the vertical and horizontal cursor is 
programmed in an X-Y format with respect to the screen 
and not dependant upon a particular location in video 
memory. The cursor will remain stationary during all·scroll 
operations. 

INTERRUPT ENABLE REGISTER (R1A) 
This 3 bit write only register allows each of the three CRT 
9007 interrupt conditions to be individually enabled or dis­
abled according to the following definition: 
Bit 6 (Vertical retrace interrupt)-This bit, when set to a logic 
one, will cause the CRT 9007 to activate the INT Signal when 
a vertical retrace (I.e., the start of the vertical blanking interval) 
begins. 
Bit 5 (Light pen interrupt)-This bit, when set to a logic one, 
will cause the CRT 9007 to activate the INT signal when the 
LIGHT PEN REGISTER (R3B, R3C) captures an X-Y coor­
dinate. This interrupt, which occurs at the beginning of vertical 
retrace, reflects the occurrence of a LPSTB input on the 
frame or field just painted. This interrupt need not be ena­
bled when other CRT 9007 interrupt conditions are enabled 
since the STATUS REGISTER (R3A) will flag the occur­
ance of a light pen update and servicing can be done off of 
other interrupts, 
Bit 0 (Frame timer)-This bit, when set to a logic one, allows 
the CRT 9007 to activate the INT Signal once every frame 
or field at a time when a potential smooth scroll update may 
occur. In this way the user can use the frame timer interrupt 
as both a real time clock and can service smooth scroll 
updates and other frame oriented operations by using the 
appropriate status bits. This interrupt will occur after the last 
row table entry is read by the CRT 9007. In single row buffer 
operation, this will occur one data row before the start of 
vertical retrace. In double row buffqr operation, this will occur 
two data rows before the start of vertical retrace. 

STATUS REGISTER (R3A) 
This 5 bit. register flags the various conditions that can 
potentially cause an interrupt regardless of Whether the 
corresponding condition is enabled for interrupt. In this way 
some or all of the conditions can be reported to the proces­
sor via the STATUS REGISTER. If some of the conditions 
are enabled for interrupt, the processor, in response to an 
interrupt, simply has to read the STATUS REGISTER to 
determine the cause of the interrupt. The bit definition of the 
STATUS REGISTER is as follows: 
Bit 7 (Interrupt Pending)-This bit will set when any other 
status bit, having its correspondinQ interrupt enabled, 

. experiences a.O to 1 transition. In thiS manner, when the 
processor services a potential CRT 9007 interrupt, it only 
has to test the interrupt pending bit to determine if the CRT 
9007 caused the interrupt. If it did, the individual bits can 
then be tested to determine the details of the CRT 9007 
interrupt. Any noninterruptable status change (corre­
sponding interrupt enable bit reset to a logic 0) will not be 
reflected in the interrupt pending bit and must be polled by 
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the processor in order to provide service. The interrupt 
pending bit is reset when the status register is read. All other 
bits except Light Pen Update are reset to a logic 0 at the 
end of the vertical retrace interval. The light pen update bit 
is reset to a logic 0 when the HORIZONTAL LIGHT PEN. 
REGISTER is read. 
Bit 6 (Vertical Retrace)-A logic 1 indicates that a vertical 
retrace interval has begun. 
Bit 5 (Light Pen Update)--:-A logic 1 indicates that a new 
coordinate has been strobed into the LIGHT PEN REGIS­
TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
PEN REGISTER is read. The light pen coordinates may have 
to be modified via software depending on light pen char­
acteristics. 

Bit 2 (oddleven)-For a normal video interlaced display, this 
bit is a logic 1 when the field about be painted is an odd field 
and is a logic zero when the field about be painted is an 
even field. 

FIELD I HS 
ONE CSYNC 

INTERLACED 

VS------------------------~ 

Bit 0 (Frame timer occurred)-This bit becomes a logic 1 
either one or two data rows before the start of vertical retrace. 
Since this bit is set when the CRT has finished reading the 
row table for the frame or field just painted, it permits row 
table manipulation to s~art at the earliest possible ~ime~ . . 
VERTICAL LIGHT PEN REGISTER (R3B) 
This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (lPSTB). 

HORIZONTAL LIGHT PEN REGISTER (R3e) 
This 8 bit read only register contains the horizontal coordi­
nate captured at the time the CRT 9007 received a light pen 
strobe signal. When a coordinate is captured, the appro­
priate status bit is set and further transitions on lPSTB are 
ignored until this register is read. The reading of this reg­
ister will reset the light pen status bit in the STATUS REG­
ISTER. The captured coordinate may have to be modified 
in software to allow for light pen response. 

r- 3 SCAN LINES BEFORE VS""'- PROG. VSYNC WIDTH ~ 3 SCAN LINES AFTER VS ~ 

FIELD I HS 
INTEW&ED -CS-YN-C 

~ __ ~--____ --__ ---------I------------~--------~---------

,~ !~~ ___________________________ r_------------~ ____________________ __ 

FIGURE 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 

CCLK CCLK 
I VlTl I 

VLT 
I 
I 

I I 
I I 

SLG I I~ 5 CLOCKS , I 
6 CLOCKS ., I SLG 

I 
5 CLOCKS I I I 5 CLOCKS I I I I I I I.e .' 

SLD I~I~I~I~I~I. 
FIGURE 4: SERIAL SCAN LINE TIMING: NON INTERLACE 

OR SINGLE WIDTH CHARACTERS 

... .' • 
SLD [ Ixl~I~I~I~I~1 
FIGURE 5: SERIAL SCAN LINE TIMING: INTERLACE, 

DOUBLE HEIGHT OR DOUBLE WIDTH 
CHARACTERS 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ..........•...•.•....••...••.....•..•....•.............. , .. ~ ....•...... 0° to + 70°C 
Storage Temperature Range. . . . . • . . . . . . . . . . • . . . . • . • . . • . . . . . . • • • . . • . . . . . . . . . . . . . . . . • . . . . . . . . . .. - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) •..•.•....•.••.•.•.•....•.•••....•.....•..•......•.•.•...••........ , + 325°C 
Positive Voltage on any Pin, with respect to ground ................. ; ......................................... + 15V 
Negative Voltage on any Pin, with respect to ground. : -.. ::-: •• ; ':-.: '; ~''': ; ' ..•••. :-. : ... : .• ;-; ; •... '. ; .•. '. :-.".;' ... : .. .-. - 0.3V 

. ·Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the AbsOlute Maximum Ratings 
not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the 
AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS T" = OOC to + 700C, Vee. = 5.0V:!:: 5% 

PARAMETER MIN TYP 
Input voltage 

VL Low 
V .. , High 2.0 
Vrtt2 High 4.3 

Output voltage 
Va. Low 
VOH High 2.4 

Input leakage current 
t, 
1L2 

Input capacitance 
CIN, 10 
C1N2 25 

Power supply current 
Icc 100 

AC ELECTRICAL CHARACTERISTICS- TA = O°C to + 70°C, Vee = 5.0V :!:: 5% 

PARAMETER MIN TYP 
Clock 

lev clock period 250 
tau. clock low 23 
toeH clock high 203 
toeR clock rise time 

toeF clock fall time 

Output delay' 
10, 
tar 
Io:a 
to. 
tVA 

los.. 
los 
to. 
Iosv 
tvos 50 

'- 0 
Ivao 
tSl.G 
tSlD 

Processor Read/writ&! 
~ 100 
~ 0 
!tow 155 
!,.os 100 
t- O 
t-
t- 10 
t.m 

Miscellaneous timing 
I.TS 

iAW . 
NOTE: 
1. Timing measured from the 1.5V level of the rising edge of CCLR to the 2.4V 

(high) or 0.4V (low) voltage level of the output unless otherwise noted. 
2. Reference points are 2.4V high and 0.4V lOW. 
3. Loading on all outputs is 30 pF except where noted. 
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MAX UNITS COMMENTS 

0.8 V 
~excePt~ V 

V L input 

0.4 V 1a.=1.6mA 
V IOH= 4O!LA 

O""VIN""VCC ; excluding CCLK 10 !LA 
50 !LA O""VIN""VCC ; for CCLK 

all inputs except eco< pF 
pF CCLKinput 

rnA 

MAX UNITS COMMENTS 

ns 
ns 
ns 

10 ns measured from 10% to 90% 

10 ns 
points 
measured from 90% to 10% 
points 

125 ns 
125 ns 
150 ns 
150 ns 
100 ns measured to the 2.3V or 0.5V 

level on VA13-VAO 
500 ns 
185 ns 
185 ns 
185 ns 

ns valid for loading auxiliary 
address register 2 or the 
attribute latch 

ns 
185 ns ~=5OpF 
185 ns 
185 ns 

ns 
ns 
ns 
ns 
ns 

140 ns 
50 ns 

400 ns -" 

125 ns measured from the O.4V level 
of ACK or fSC falling edr.e 

41ev ns measured from the 0.4V evel 
falling edge to 0.4V level 
rising edge 

( 
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~ I ~ ~~ l======~'======~r-----~====b~========~i 
CCU< ~!-tc...- ~ "I 

~----I '---
VLT,WBEN 

....... --~'---..Jr-----.,!!tt--.r_-_-_-_-_-.:_t.,._-_-_-___ -'.J.t04-1 

---------+-------------

VA13-e )( 

--------~====~~~==~-------
~ - ~ ________ ~ __ ------------------~---------------p.~-------

~------------------~----+-------------------~ 
CSYNC,DMAR,INT(l£ADtNGEDCIEONLYI 

CBLANK, CUR..;.S~ _____ t::====i;.:====J~ 
14-----100 

.. 
~-----Ioo------J-I~-------

V07-0 I-------Ios. -------.., ATTRIBUTE OR ){ 1 Ivoo---------~J ATTRIBUTE ________ -+ ________________ J~~~~W~T.~~~LE~~~~~A~IN-J~~~\--------J~~_~~~~~~~ ___ __ 

I+-t-.:-t-'--f .. 
SLG )( -I 
--------~====~==~~--
----------+----------~-~~ ,-~.-----

SLD )[ 
-----~~==~.~~,====~------

FIGURE 22: CRT 9007 TIMING PARAMETERS: OUTPUT SIGNALS 

VD7" (WRITE) 

VD7"(READ) 

, !NT (laJling edge only) 

FIGURE 2: CRT 9007 PROCESSOR READ AND WRITE 
TIMING PARAMETERS 

HIGH IMPEDANCE 

lr:==-. - ... --===1( 

FIGURE 23: CRT 9007 MISCELLANEOUS 
TIMING PARAMETERS 
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ADOAE88 DECXJDE BIT DEFNTION 

AllgilllrTwPe VAS VM VAl VAl VAl V,. _0' m 05' 1M D2 D1 III 

WIVT1ii 

WIVT1ii 

WIVT1ii 

WRITE 

WIVT1ii 

WIVT1ii 

WIVT1ii 

WIVT1ii 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 0 0 0 MSB' atAAACTERSPE ALPERIOO I 
LS8 

0 0 0 0 1 MSB I 
OiARACTERS PER DATA ROW LS8 

0 0 0 1 0 MSB 
HORIZONTAL DELAY I 

LS8 

0 0 0 1 , MSB H6RIzoNT'AL SYNC WIDTH 
LS8 

0 0 1 0 0 MSB 
VER'TlCAl. SYNC WIDTH 

LS8 

0 0 1 0 1 MSB ' IIERTII::Ai. DELAY LS8 

0 0 1 1 0 PIN CONFlG-I CURSOR SKEW ,I BlANK SKEW 
URATION MS8 i.S8 MSB LS8 

0 0 1 4 1 MSB VISIBLE DATA ROWS PER ~E 
I 

LS8 
SCAN E I 'SCAN UNES PEA DATA ROW 

0 1 0 0 0 (BID)) (B8) MSB LS8 

0 1 0 0 1 (87) I SCAN LINES PER FRAME -" LS8(BO) 

Table 3a: CRT 9007 Screen Format Registers 

ADDRESS DECODE BIT DEFINITION 

RegisIer Type VAS VM VIo3 VAl VA' VM D7 D8 os 1M D2 0' 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

DMA 
I I 

0 , 0 , 0 DIS- DMA BURST DELAY DMA BURST COUNT 
ABLE MS8A LS8 MSB LS8 

0 ~I INTERLACE OPERATION MODES I 0 , , 
PIIS' MODES " X 2XCIIxC 

0 , , 0 '0 MSB TABlE START REGISttR (LS BYTE) 
LS8 

0 , , 0 1 ~SSI TABlE SmT REGISTER (MS BYTE) 
MS8 LS8 

0 1 , 1 0 MS8 AUXILIARY ADDRESS REGISTER 1 (LS BYTE) LS8 

0 1 1 1 1 ATTR~sl AUXILIARY ADDRESS REGISTER 1 (MS BYTE) 
MSB .-' LS8 

, 0 0 0 0 MSB 'SEQUENTIAL BREAK REGISTE~ , 
LS8 

1 0 0 0 1 MSB DATA ROW START REGISTER 
LS8 

1 0 0 1 0 MSB DATA ROW ENDISEQUENTIAL BREAK REGISTER 2 LS8 

1 0 0 1 1 MSB AUXILIARY ADDRIOSS REGISTER 2 (lS BYTE) 
LS8 

1 0 1 0 0 ATTR~J AUXILIARY ADDRESS REGISTER 2 (MS BYTE) 
T MSB LJ 1 LS8 

Table 3b: Control and Memory Address Registers 

ADDRESS DECODE BIT DEFINITION 

~Type VAS VM VIo3 VAl VAl VM D7 D8 os 1M DCJ D2 01 
READ OR 
WRITE 
READ OR 
WRITE 

WRITE 

0 

0 

0 

0 
1 
0 
1 

0 

, 

1 

1 

1 0 

, 0 

1 0 

1 1 
1 1 
1 1 
1 1 

1 , 

1 ,'I 

, 1 

, 1 

1 0 , START COMMAND 

1 1 0 RESET COMMAND , I I I , 
LS8I 

1 1 1 i!1 QfFSETVALUE 
FLOW MSB • 0 0 0 

veRnc:AL.CURSOR REGISTER (ROW COORD.) 
0 0 0 MSB LS8 
0 0 1 HORIZONTAL CURSOR REGISTER (coL COORD.) 
0 0 , MSB LS8 

VER-
lRRlJPTENABlE REGISTER i= 0 1 0 TICAl. 

RE· LIGHT 
X TRACE PEN X X X X 

0 1 0 NT .j,~J " J STA~REGISTER 
PEND- ' RE· LIGHT I 0IlDi J FRAME 

ING TRACE PEN EVEN X TIMER 

0 , 1 MSB VERT1pAL LIGHT PEN REGI~R (ROW COORD.) LS8 

1 0 0 MSB I HORIZONTALLlGHTPENREGI~(CO:--~') L88 

Table 30: Cursor, Light Pen, Offset, and Status Registers 

REGISTER 
~R 

(HElQ 

FlO 

Rl 

112 

R3 

FI4 

lIS 

R6 

R7 

'11[; N 

R8 

REGISTER 
NUMBER 

(HEX) 

RA 

RB 

RC 

RD 

RE 

RF 

RIO 

Rl1 

R12 

1113 

R14 

REGISTER 
~R 

(HElQ 

R15 

Rte 

At7 

R1I..-RII 

RII..- ... 

lilA 

R3A 

RIB 

R3C 

Circuit diagrams utilizing SMC products are Included asa means ,of Illustrating typical semiconductor applica­
tions. consequently complete information sufficient for construction purposes Is not necessarily given. The 

~ Information has been carefully checked and is believed to be entirely reliable. However. no responsibility II 
'I J~ ....... 1Ihd ""- NY 11111 assumed for inaccuracies. Furthermore. such information does not convey to the purchaser oflhe semiconductor 

I~" m 3100' TWHIO:Z27._ devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
DIJ",mmoettIillWip/Clllapft!adOfWQIIS. at any time in order to improve design and supply the best product possible. 
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DARD MICROSYSTEMS 

35 M.¥cus Blvd . Hal(lpauge. N V 11787 
1516) 273· 3100 TWX· 510·227·8898 

mrn'll'tttinn SO you CiI1 keep ftaI of \QI'S. 

CRT 9006-135 
CRT 9006-83* 

/lPC FAMILY • 

Single Row Buffer 
SRB 

FEATURES: PIN CONFIGURATION 
o Low Cost Solution to CRT Memory Contention Problem 
o Provides Enhanced Processor Throughput for CRT 

Display Systems 

DOUT3 GND 

DOUT2 DOUT4 

o Provides 8 Bit Wide Variable Length Serial Memory DOUTl DOUTS 

o Permits Active Video on All Scan Lines of Data Row DOUT" DOUT6 

o Dynamically Variable Number of Characters per Data Row­
... 64,80, 132, ... up to a Maximum of 135 

ClK 

WREN 

DOUT7 

OE 

o Cascadable for Data Rows Greater than 135 Characters 
o Stackable for Invisible Attributes or Character 

Widths of Greater than 8 Bits 
o Three-State Outputs 
o 4MHz Typical Read/Write Data Rate 
o Static Operation 
o Compatible with SMC CRT 5037, CRT 9007, and other 

CRT Controllers 
024 Pin Dual In Line Package 
0+5 Volt Only Power Supply 
o TTL Compatible Inputs and Outputs 
o Available in 135 Byte Maximum Length (CRT 9006-135) 

or 83 Byte Maximum Length (CRT 9006-83) 

ClRCNT OF 

CKEN DIN7 

DINO DIN6 

DIN1 DINS 

DIN2 DIN4 

DIN3 +sv 

Package: 24-pin D.J.P. 

APPLICATIONS: 
o CRT Data Row Buffer 
o Block-Oriented Buffer 
o Printer Buffer 
o Synchronous Communications Buffer 
o Floppy Disk Sector Buffer 

GENERAL DESCRIPTION 

The SMC Single Row Buffer (SRB) provides a low cost solu­
tion to memory contention between the system processor and 
CRT controller in video display systems. 
The SRB is a RAM-based buffer which is loaded with character 
data from system memory during the firs! scan line of each 
data row. While data is being written into the RAM it is also 
being output through the multiplexer onto the Data Ouput 

eLK 
CKEN 

ADORESS 
COUNTER 

R ... 

'''''''' 

(DOUT) Lines. During subsequent scan lines in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh, 
thereby releasing the system memory for processor access 
for the remaining N-1 scan lines where N is the number of 
scan lines per data row. The SRB enhances processor through­
put and permits a flicker-free display of data. 

,!F 

or 

I 
I 
I 
I 
I 

READ DATA 
3-STATE 

8 

WRIT 

I l 

2fj~=~==~ N • 
P T 
u C 
T H 

t------i 

'FOR FUTURE RELEASE 

-'00. OCTAL 
2 TO 1 
.. ux 

135 

o L 
U • 
T T 
P C 

~ H 

U , DOUT7-' 
F , 
R 

Single Row Buffer Block Diagram 
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3S MillI:US Blvd. HauiJ!WOe. N.Y. 11788 
15161273·3100 • TWX·Sl0·22]·189II 

t'IIIft'WfHlMSO PI cal keep Dad of,:m. 

CRT 9212 
f..LPC FAMILY 

Double Row Buffer 
ORB 

FEATURES 

o Low Cost Solution to CRT Memory 
Contention Problem 

o Provides Enhanced Processor Throughput for 
CRT Display Systems 

o Replaces Shift Registers or Several RAM and 
Counter IC's in CRT Display System 

o Permits Display of One Data Row While Next 
Data Row is Being Loaded 

o Data May be Written into Buffer at Less Than 
the Video Painting Rate 

o Double Data Row Buffer Permits Second Data 
Row to be Loaded Anytime during the Display 
of the Preceding Data Row 

o Permits Active Video on All Scan Lines of 
Data Row 

o Dynamically Variable Number of Characters 
per Data Row-... 64,80, 132, ... up to 
a Maximum of 135 

o Cascadable for Data Rows Greater than 
135 Characters 

o Stackable for "Invisible Attributes" 
or Character Widths of Greater than 8 Bits 

PIN CONFIGURATION 

DIN2 1 28DIN3 
DIN1 2 27 WCLK 
DINO 3 26 OE 

DOUT7 4 25 WEN2 
DOUT6 5 24 WEN1 
DOUT5 6 

D 
23 GND 

DOUT4 7 22 ROF 
Vee 8 . 21 WOF 

DOUT3 9 20 REN 
DOUT210 19 CLRCNT 
DOUT1 11 18 fOG 
DOUTO 12 17 RClK 

DIN713 16 DIN4 
DIN614 15 DINS 

PACKAGE 28-pin D.I.P. 

o Three-State Outputs 

o Up to 4 MHz ReadlWrite Data Rate 

o Compatible with SMC CRT 5037, CRT 9007. 
and other CRT Controllers 

o 28 Pin Dual-In-Line Package 

o + 5 Volt Only Power Supply 

D TTL Compatible 

GENERAL DESCRIPTION 

The CRT 9212 Double Row Buffer (ORB) provides 
a low cost solution to memory contention between the 
system processor and the CRT controller in video dis­
play systems. 

The CRT 9212 ORB is a RAM-based buffer'Which 
provides two rows of buffering. It appears to the sys­
tem as two octal shift registers of dynamically vari­
able length (2-135 bytes) plus steering logic. 

The CRT 9212 permits the loading of one data row 

while the previous data row is being displayed. The 
loading of data may take place during any of the scan 
line times of the data row. This relaxed time-con­
straint allows the processor to perform additional 
processing on the data or service other high priority 
interrupt conditions (such as a Floppy Disk DMA 
request) which may occur during a single video scan 
line. The result is enhanced processor throughput and 
flicker-free display of data. 



MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ................................................................... : .... O'C to + 70°C 
Storage Temperature Range .............. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55'C to + 150°C "f 
Lead Temperature (soldering, 10 sec.) ....................................................................... + 325 ( 'to . 
Positive Voltage on any Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + S.OV' .... ~ 
Negative Voltage on any Pin, with respect to ground. . . .. .. .. . .. .. . . . .. . .. .. . . . . . . .. .. . .. .. .. . .. . . .. .. . . . . . . . . .. - 0.3V t 

·Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (TA = DoC to 70°C, Vee = + 5V ± 5%) 

DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low Level VH.. 
Level VI." 
Level V 

OUTPUT VOLTAGE LEVELS 
Low Level VOl 

Level V 
INPUT LEAKAGE CURRENT 

High leakage ILHl 
Low Leakage ILL, 
High Leakage IU<2 

low 
INPUT CAPACITANCE 

CIN, 

SUPPLY CURRENT 

AC CHARACTERISTICS' 

tcvw 
tc"" 
fcKH 
fcKL 
fcKA 
fcKF 
los 
to... 
~",2 
~~ 
~ .. ~ 
trw 
~ 
too., 
fop! 
fcs 
~ 
~ 

2.0 
4.2 

2.4 

250 
250 
200 
30 

50 
0 
0 

100 
0 

100 
0 

10 
15 

100 

1fcvw 

0.8 

0.4 

10 
10 

400 
400 

DC 

10 
10 

175 
175 
175 
175 

1 • Reference points for all AC ~C[Kmeters are 2.4V high and O.4V low. 
2· For REN. referenced from ; for WEN1 or WEN2 referenced to wrxR. 
3· For ROF. referenced from RCU{; for WOF referenced from wrxR. 

v 
V 
V 

V 
V 

pF 

mA 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

excludiV9~; WCU< 

excluding rn: 
excluding WEN1 
WEN1 
rn: 

Write clock period 
Read clock period 

measured from 10% to 90% points 
measured from 90% to 10% points 
referenced to 'FiCtR 
referenced to 'FiCtR 

CL = 50 pF; referenced from WCU< 

CL = 30pF 

4· At least 1 WClK rising edge must occur between CLRCNT or TOO (whichever occurs last) and WEN (= WEN1-WEN2). 
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FIGURE 5: CRT 9212 CONFIGURED WITH THE CRT 9007 VPAC AND THE CRT 8002 VDACTM 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 
3-0,28, Data inputs DINO-DIN7 DINO-DIN7 are the data inputs from the system memory. 
16-13 

12-9,7-4 Data outputs DOUTO- DOUTO-DOUT7 are the data outputs from the CRT 9212 internal data output 
DOUT7 latch. Valid information will appear on DOUTO-DOUT7 two RC[R periods after 

the rising edge of REN. This introduces two pipeline delays when supplying data 
to the character generator. 

17 Read Clock RcrR RcrR increments the current "read" address register, clocks data through the 
"read" buffer and moves data through the intemal pipeline at the trailing edge. 

18 Toggle Signal TOO TOG alternates the function of each buffer between read and write. TOO nor-
mally' occurs at eve6 data row boundary. Switching of the buffers occurs when 
both TOO and CLR NT are low. 

19 Clear Counter CLRCNT Clear COunter clears the current "read" address counter at the next 'RCO< posi-
tive edge. CLRCNT is normally asserted low at the beginning of each horizontal 
retrace interval. CLRCNT clears the current "write" address counter when the 
TOO is active. 

20 Read Enable REN REN enables the loading of data from the selected "read" buffer into the output 
latch. Data is loaded when Read Clock is active. 

21 Write Overflow WOF WOF hi~h indicates that data is being written into the last memory position (posi-
tion 135 . When WOF is high, further writing into the selected "write" buffer is dis-
abled. WOF may be connected to the WEN1 or WEN2 inputs of a second CRT 
9212 for cascaded operation where data row lengths of greater than 135 charac-
ters are desired. See figure 4. 

22 Read Overflow ROF The Read Overflow output is high when data is being read from the last memory 
position (position 135). ROF high disables further readin~ from the selected 
"read" buffer. ROF may be connected to the REN input 0 a second CRT 9212 for 
cascaded operation where data row lengths of greater than 135 characters are 
desired. DOUTO-7 will switch into a hi~h impedance state at the second positive 
transition of R'C[K after ROF goes hici . See figure 4. 

24,25 Write Enable WEN1, WEN allows input data to be written into the selected "write" buffer during WCCK 
WEN2 active. Both WEN1 and WEN 2 must be high to enable writing. WEN1 has an 

internal pull up resistor allowing it to assume a high if pin 24 is left open. 
26 Output Enable O"E When the O"E input is lov< the data outputs DOUTO-DOUT7 are enabled. When 

O"E is high, DOUTO-DOUT7 present a high impedance state. DE has an internal 
pulldown resistor allowing it to assume a low if pin 26 is left open. 

27 Write Clock WC[R WC[R clocks input data into the selected "write" buffer and increments the cur-
rent "write" address register when WEN1 and WEN2 are high. 

8 Power Supply Vee + 5 Volt supplv 
23 Ground GND Ground 

OPERATION 

Figure 1 illustrates the internal architecture of the CRT 
9212. It contains 135 bytes of RAM in each of its two buff­
ers. In normal operation, data is written into the input latch 
on the positive-going edge of Write Clock (WCLK). When 
both Write Enable (WEN1, WEN 2) Signals go high, the next 
WCLK causes data from the input latch to be written into 
the selected buffer (1 or 2) and the associated address 
counter to be incremented by one. Loading of the selected 
RAM buffer continues until WEN goes inactive or until the 
buffer has been fully loaded. At the next data row boundary, 
the Toggle Signal (TOG) will.9..Q..!Q~When Clear Counter 
(CLRCNT) goes low, the next Read Clock (RCLK) will begin 
to reset both buffer address counters to zero, swijching the 
buffer just loaded from a "write buffer" to a "read buffer", 
permitting the next row of data to be written into the other 
buffer. Data from the current "read" buffer is read' out of the 
buffer and to the output latch whenever Read Enable (REN) 
is high during a Read Clock (RCLK). Each read-out from 

the buffer RAM causes the "read" address counter to be 
incremented. REN is normally high during the entire visible 
line time of each scan line of the data row. CLRCNT resets 
the present "read" address counter. The negative edge of 
CLRCNT is detected by the CRT 9212 and the internal "read" 
address counter is cleared independent of the CLRCNT 
pulse width. The CLRCNT input may be tied to the REN 
input for proper operation. 

Figures 2 and 3 illustrate the functional timing for reading 
and writing the CRT 9212. It is possible to cascade two or 
more CRT 9212's to allow for data storage greater than 135 
bytes by employing the read overflow (ROF) and write 
overflow (WaF) outputs. Figure 4 illustrates two CRT 9212's 
cascaded together. 

The CRT 9212 is compatible with the CRT 9007 video 
processor and controller (VPACTM) and the CRT 8002 video 
display attributes controller (VDAC TM). A typical video 
configuration employing the three parts is illustrated in 
figure 5. 



DIN7-0 

CLRCNT 

INTERI'lAL 
CLRCNT 

REN 

INTERNAL 
REN 

ADDRESS 
... 

COUNTER 1 AODR7-0 
y 

... < 

r-- ) 
y 

L ... A 
T ... C 
H 

L..- "' 
./ 

ADDRESS ... 
COUNTER 2 ADDR7-0 ) ... 

~,' I , ..... , .... 
-----' 
~.' , .... ' .... ' ____ J 

____ --II 
______ -JI 

RAM 1 
135x8 

4 ~ 
. 

V 
..... 110 CONTROL 
~ r-

i~ OCTAL f--J\ ~ 2-1 3 STATE 

MUX hi t[-\l DRIVER 

H 
DOUT7-0 

... '-

1/0 CONTROL ) ... 

l~ 
~ >- TO 

CLR 

RAM 2 OE 
135 x 8 

RCL --K 

READIWRITE REN 

CONTROL WCLK 

WEN1 

<WEN2 

ROF 

WOF 

It 

It 

INTERNAL ---'",""",",,"'?"n"'?"n""'~-----~~ 
RAM AOOR ~ ADDRO ADDRI ADDR2 ADDR3 ADDR133 ADDRI34 

(READ) -

OOUT7-0 HIGH IMPEDANCE DATA 0 DATA 134 HIGH IMPEDANCE 

ROF ~~~~~------------------------~l~l ----~/ 

FIGURE 2: CRT 9212 DOUBLE ROW BUFFER READ TIMING 

( 


